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E X E C U T I V E S U M M A R Y

The purpose of this Remedial I n v e s t i g a t i o n Report is to
charac t er iz e t h e S h e r i d a n D i s p o s a l Serv i c e s ( S D S ) si te a n d t o
summarize the d a t a c o l l e c t e d and conclusions 4rawn f r o m the
remedial inve s t iga t i on of the SD£ site. The purpo s e of the
remedial i n v e s t i g a t i o n was to determine the nature and extent
of any environmental threat f r o m the SDS s i t e and to ga th er the
d a t a neces sary t o d e v e l o p a s t u d y o f f e a s i b l e a l t e r n a t i v e s f o r
remedying any such threat.

SDS, owned by Mr. Duane S h e r i d a n and in operat ion f r o m the
l a t e 1950s to 1984, was a p e r m i t t e d commercial s o l i d waste
d i s p o s a l s i t e . It is l o c a t e d on a 700 acre tract owned by Mr.
S h e r i d a n in W a l l e r C o u n t y , about nine mi l e s northwest of
H e m p s t e a d , T e x a s . T h e s urround ing area i s p r i m a r i l y f a r m a n d
g r a z i n g l a n d .

The p r i n c i p a l waste opera t i on s involved storage of various
waste m a t e r i a l s in a pond of between 12 and 22 acres, d e p e n d i n g
on water l e v e l , and waste in c inera t i on . At i t s c l o s e s t p o i n t ,
the pond is about 200 f e e t f r o m the southern bank of the Brazos
River. A 42-acre evapora t ion system was added in the 1970s to
h a n d l e excess s tormwater .

S D S received i t s f i r s t waste d i s p o s a l permi t f r o m t h e
S t a t e of T e x a s in 1963, and continued operat ions until early
1984 when the T e x a s Department of W a t e r Resources ("TDWR 1 1)
ordered the s i te c l o s ed . In J a n u a r y o f 1984, the TDWR

r-
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contacted certain companies whose waste may have been d i spo s ed
at the site requesting that such companies conduct an
evaluation of present conditions and assist SDS in f u t u r e
aanagement of the inactive site.

The companies contacted by the TPWp forme4. ....the Sher idan
S i t e Commit t e e which, through i t s contractor, Resource
Engineer ing, I n c . (REI) has conducted extensive site surveys
and interim remedial act ions during the ensuing two years.
T h i s Source Control Remedial I n v e s t i g a t i o n Report pre sent s the
re su l t s of the inve s t iga t i on p e r f o r m e d on b e h a l f of the
S h e r i d a n S i t e Commit t e e and under the d ire c t ion of the TDWR
a n d / o r t h e U . S . E P A . A d d i t i o n a l groundwater s tudie s a r e
current ly ongoing and w i l l be reported in the Groundwater
M i g r a t i o n Management RI report (GWMM). Set f o r t h below i s a
summary of the m a j o r f i n d i n g s o f this Remedial I n v e s t i g a t i o n
Report .

00

O
O

F i n d i n g s R e g a r d i n g A n y Environmental I m p a c t

1. C o n t i n u i n g response actions have and w i l l be
i m p l e m e n t e d so that the S i t e may not pose an immediate threat
to human h e a l t h or s a f e t y or the environment through air
emis s ions , direct contact or sur fac e water r u n o f f . The
p o t e n t i a l risks pre s ented by the site w i l l be f u r t h e r evaluated
in the Endangerment Asses sment. Response actions comple t ed

ii
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i n c l u d e : removing oi l f r o m the pond s u r f a c e , e v a p o r a t i n g about
nineteen m i l l i o n g a l l o n s o f excess s tormwater f r o m th e p o n d ,
improving and e l eva t ing the dikes surrounding the pond and the
evapora t iv e sys t em and i n s t a l l i n g a f e n c e around the pond and
e v a p o r a t i v e sys tem. . . . . . . . . . . . , . . , . , • - - • - :

2. The site is in a rural area of W a l l e r County. The
nearest r e s id en t is the s i t e caretaker l o c a t e d in a m o b i l e home
2,000 f t . s ou theas t o f t h e pond .

3 . T h e s i t e ' s remote loca t ion coupled with t h e f e n c e
s u r r o u n d i n g the s i t e r e s t r i c t s access to the s i t e by a n i m a l s or
p e o p l e .

4. A water t a b l e a q u i f e r located a p p r o x i m a t e l y 55 f e e t
b e l ow g r a d e a t the s i t e , n a t u r a l l y d i s c h a r g e s s l o w l y into the
Brazos River. The impac t o f t h i s d i s c h a r g e i s so minimal that
water s a m p l e s taken f r o m the Brazos River i m m e d i a t e l y up s t r eam
and downs t r eam of the s i t e show no mea surab l e impac t on the
river by the s i t e .

5. The f i r s t usable a q u i f e r ( c a p a b l e of su s ta ining more
than 2 g p m ) at the s i t e is l o ca t ed a p p r o x i m a t e l y 80 f e e t b e l ow
g r a d e . T h i s a q u i f e r w i l l b e r e f e r r e d t o a s t h e f i r s t c o n f i n e d
a q u i f e r . Boring l o g s show that this a q u i f e r i s s epara t ed f r o m
the u p p e r water-bearing zone by a 25 to 40 f o o t th i ck c lay
s t ra tum. : , ,

6. T h e r e are no w e l l s w i t h d r a w i n g water f r o m the u p p e r
water-bearing zone downgradient of the site.
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7. Dikes around the pond extend one and a h a l f to three
f e e t above the 100-year f l o o d p l a i n e l evat ion to prevent waste
f r om washing into the river during f l o o d s .

8. Riverbank erosion on the Brazos po s e s no i m m e d i a t e
threat to the site. L e f t unchecked, at current erosion rates
the river could intrude on the waste m a t e r i a l s in a p p r o x i m a t e l y
100 years. At that t ime, s i g n i f i c a n t contamination of the
river could occur.

9. Recorded values of air contaminants f r o m the SDS site
are at d e t e c t i o n l i m i t s and w e l l be low a c c e p t a b l e exposure
concentrations. The closest p o t e n t i a l r e c ep tor i s the s i te
care taker l o ca t ed a p p r o x i m a t l e y 2,000 f e e t southeast o f the
pond in a m o b i l e home. H o w e v e r , the nearest permanent re s ident
is l o c a t e d one m i l e away. Recorded values of air contaminants
at the bank of the pond are at normal rural background l e v e l s
which are s u b s t a n t i a l l y below t y p i c a l values occurring in urban
areas.
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F i n d i n g s R e g a r d i n g W a s t e M a t e r i a l s . R e q u i r i n g . M a n a g e m e n t

1. A s s u m i n g an average s l u d g e d e p t h of three f e e t ,
a p p r o x i m a t e l y 100,000 cubic yards of organic and inorganic
s l u d g e s lie at the bot tom of the 22-acre pond and under the
surrounding levee. T h e s e s l udge s contain m e t a l s , chlorinated
and non-chlor inated organic s , p h e n o l i c s , p o l y a r o m a t i c
hydrocarbons, inorganic sa l t s and p o l y c h l o r i n a t e d b iph eny l s .
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2. Assuming three f e e t of contaminant migration into
subsoi l s , it is estimated that up to 60,000 cubic yards of
contaminated subso i l s are found beneath the pond s ludge . It is
p o s s i b l e that once remedial action is undertaken the extent of
contaminated subsoil under the pond s l u d g e could be found to be

. . • i •greater or le s s than the assumed three f e e t .
3. There are a p p r o x i m a t e l y 8,000,000 g a l l o n s of

stormwater wi thin the pond . A n a l y s e s have shown low l ev e l s of
organic contaminat ion. Over the years, such stormwater has
been evaporated in the evaporat ive system.

4. A f l o a t i n g oil layer now covers about 15% of the pond
s u r f a c e .

5. The levee system surrounding the pond was o r i g i n a l l y
cons tructed with local site s o i l s ( p r e d o m i n a n t l y c lays and
c layey s o i l s ) , s l u d g e , and ash residue f r o m the incineration
proce s s . The levee system volume is estimated at 220,000 cubic
yards, and a p p r o x i m a t e l y 20% of this volume is f rom processed
waste mater ial s .
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1.0 I N T R O D U C T I O N
1 , l S i t e Background I n f o r m a t i o n

1.1.1 S i t e Locat ion and D e s c r i p t i o n - The S h e r i d a n
D i s p o s a l S e r v i c e ( S D S ) s i t e i s l o c a t e d a p p r o x i m a t e l y 9 m i l e s
north-northwes t o f t h e C i t y o f H e m p s t e a d i n W a l l e r C o u n t y ,
T e x a s . It i s two m i l e s northwes t o f th e i n t e r s e c t i o n o f C l a r k e
Bottom Road a n d F a r m Road 1736 a t 9 6 ' 8 0 ' O Q " east l a t i t u d e a n d
3 0 ° 1 2 ' 3 0 " north l o n g i t u d e . T h e waste management areas o c cupy
an area of a p p r o x i m a t e l y 110 acres out of a 696.5-acre tract of
l a n d bordered on the north by the Brazos River and on the south
by C l a r k e Bot t om R o a d , F i g u r e s 1-1 through 1-3 i l l u s t r a t e the
s i t e l o c a t i o n .

T h e S h e r i d a n D i s p o s a l S e r v i c e ( S D S ) s i t e began
o p e r a t i n g as an i n d u s t r i a l waste d i s p o s a l f a c i l i t y in the l a t e
1950s. At p r e s e n t , the s i t e i n c l u d e s a 42-acre l a n d
i r r i g a t i o n / e v a p o r a t i o n sy s t em, and a pond which has ranged in
s ize f r o m 12 to 22 acres d e p e n d i n g on water l e v e l s and p a r t i a l
c l o sur e a c t i on s under taken b y S D S . T h e l e v e e / d i k e around t h e
pond has a s u r f a c e area of a p p r o x i m a t e l y 17 acres, i n c l u d i n g
p o r t i o n s of the pond which have p r e v i o u s l y been covered. An
i n c i n e r a t o r and a b a t t e r y of 9 s t o r a g e tanks which were used
for s e p a r a t i o n and treatment of o i l / w a t e r emulsions and s torage
of s o l v e n t s and f u e l o i l s are l o c a t e d on the pond levee.
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1.1.2 S i t e O p e r a t i n g H i s t o r y - In th e l a t e 1950s ,
Mr. Duane S h e r i d a n began t r e a t i n g and d i s p o s i n g o f i n d u s t r i a l
wastes on a 15-acre p o r t i o n of his f a r m / p a s t u r e in a natural
l o w - l y i n g area which became the pond impoundment . S h e r i d a n
D i s p o s a l S e r v i c e ' s o p e r a t i n g p r a c t i c e s i n c l u d e d open p i t
burning o f combus t ib l e wastes f or volume reduct ion. To h a n d l e
a d d i t i o n a l was t e , the s ize o f the pond was g r a d u a l l y increased
to a maximum of 22 acres.

F r o m the b eg inn ing of o p e r a t i o n s through 1971,
open burning and i m p o u n d m e n t of was te s were the o p e r a t i n g
p r a c t i c e s . In S e p t e m b e r o f 1971, c on s t ru c t i on began on a
b a t t e r y of s t orage and trea tment tanks in r e spons e to an order
f r o m t h e T e x a s W a t e r Q u a l i t y Board ( T W Q B ) . A d d i t i o n a l l y , a
s y s t e m of ground f l a r e s was i n s t a l l e d in 1972.

F r o m mid-1971 through 1974, o p e r a t i n g
p r a c t i c e s c on s i s t ed o f s t eam t r e a t i n g o i l - w a t e r e m u l s i o n s in
the r e c e i v ing tanks and u s i n g s e p a r a t e d p e t r o l e u m o i l s a s f u e l
for the ground f l a r e s * During this p e r i o d , a 4 0 0 , 0 0 0 - g a l l o n
r e c e iv ing pond l o c a t e d on the northwest s e c t i on of the pond
i m p o u n d m e n t l evee was used for u n l o a d i n g and i n i t i a l s t o rage o f
wastes. From there, wastes were pumped to the steam treatment
tanks for e m u l s i o n b r e a k i n g . Recovered was te o i l s were s o l d or
used a s f u e l f or the b o i l e r and ground f l a r e s a n d , l a t e r , th e
incineration system. Residue or ash f r o m open burning and
f l a r i n g was d i s p o s e d o f in th e i m p o u n d m e n t . W a s t e s
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were a l s o d i r e c t l y d i s charged into the impoundment dur ing ups e t
condi t i on s or when the emulsion treatment system was
overloaded.

During 1974 and 1 9 7 5 , S h e r i d a n D i s p o s a l
S e r v i c e conduc t ed numerous t r i a l burns o f various i n c i n e r a t i o n
sy s t ems . In May o f 1975 , SDS received an o p e r a t i n g permit f r o m
t h e T e x a s A i r C o n t r o l Board ( T A C B ) f o r a l i q u i d waste burner
( i n c i n e r a t o r ) d e s i g n e d and cons truc ted by Mr. S h e r i d a n .

In 1976, a land i r r i g a t i o n / e v a p o r a t i o n sys tem
was constructed by S h e r i d a n D i s p o s a l Service under the
s u p e r v i s i o n o f T W Q B per sonne l f o r on-site management o f aqueous
was t e s and s tormwater which accumulat ed in the p o n d . Between
1976 and 1984, the sy s t em was used to treat more than 40
m i l l i o n g a l l o n s o f wa s t ewa t er f r o m t h e impoundment p o n d , a s
r e p o r t e d t o t h e T W Q B .

At that time the m a j o r treatment opera t i on s
invo lved s a r f a c e impoundment d i s p o s a l , open p i t burning,
i n c i n e r a t i o n o f c o m b u s t i b l e wa s t e s , land e v a p o r a t i o n , and
i n c i n e r a t o r e v a p o r a t i o n o f i m p o u n d m e n t wa s t ewa t e r s ,

1 - 1 - 3 S i t e R e g u l a t o r y H i s t o r y - T h e r e g u l a t o r y
h i s t o r y o f th e s i t e was a d m i n i s t e r e d p r i n c i p a l l y by the T e x a s
A i r C o n t r o l Board ( T A C B ) , a n d t h e T e x a s W a t e r P o l l u t i o n C o n t r o l
Board ( T W P C B ) , predece s sor o f t h e T e x a s W a t e r Commis s ion
( T W C ) . S h e r i d a n D i s p o s a l Servi c e s received a waste d i s p o s a l
p ermi t f r o m the TWPCB in M a r c h o f 1963. A s p e c i a l p r o v i s i o n o f
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the o r ig ina l permit required that any new waste streams for
d i s p o s a l at the site be reviewed and approved by the TWPCB
s t a f f . A g e n c y records i n d i c a t e that S h e r i d a n D i s p o s a l S e r v i c e
was r ea sonably d i l i g e n t in o b t a i n i n g agency a p p r o v a l b e f o r e
a c c e p t i n g new waste streams.

R e g u l a t o r y i n s p e c t i o n s o f t h e f a c i l i t y began
as early as 1963 in response to c o m p l a i n t s f r o m local area
r e s i d e n t s o f odors a n d s u r f a c e water r u n o f f . I n J u l y o f 1970,
t h e T e x a s W a t e r Q u a l i t y Board ( T W Q B ) , successor t o t h e T W P C B ,
a n d W a l l e r C o u n t y , f i l e d suit agains t S h e r i d a n D i s p o s a l
S e r v i c e s f o r s u r f a c e water d i s c h a r g e s in v i o l a t i o n o f i t s waste
d i s p o s a l p e rmi t . A f t e r a series o f TWQB meetings and p u b l i c
h e a r i n g s , the suit was s e t t l e d in March o f 1 1 .975. The TWQB
d i r e c t e d S h e r i d a n D i s p o s a l S e r v i c e t o p r o v i d e a d d i t i o n a l
c a p a c i t y f or waste d i s p o s a l through new treatment proce s s e s .
D u r i n g t h e i m p l e m e n t a t i o n o f these p l a n s t h e T W Q B a l l o w e d
d e l a y s f o r S h e r i d a n D i s p o s a l Serv i c e t o acquire s u f f i c i e n t
c a p i t a l f o r e x p a n s i o n and t o b eg in c l o sure ac t ions f or th e
e x i s t i n g i m p o u n d m e n t . In 1979 the TWQB ordered th e pond
c l o s e d . Pursuant t o that o rd er , only c ombu s t i b l e waste f or
i n c i n e r a t i o n was p e r m i t t e d to be a c c e p t e d at the s i te .

An i n i t i a l c lo sure p l a n was d e v e l o p e d by the
T W Q B a n d S D S which required:

• The t r a n s f e r of s tormwater accumulat ed in
the pond to the e v a p o r a t i o n sys t em for t r ea tment .
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• The c a p p i n g of the pond us ing
cons truc t ion debri s ( i . e . , s o i l , d i r t , rocks, sand, tree
branches, roots and s t u m p s ) . C a p p i n g was l i m i t e d to those
areas of the pond bo t tom exposed by removal of l a g o o n
st-ormwater.

• The pond levee not be d i s t u r b e d d u r i n g
the i n i t i a l p h a s e o f c losure.

• The maintenance of a t w o - f o o t minimum
s e p a r a t i o n between the t op o f th e f i l l ma t er ia l and the pond
levee crest e l e v a t i o n d u r i n g i n i t i a l c losure a c t i v i t i e s .

At thi s t ime , S h e r i d a n began site closure by t r a n s f e r r i n g
pond water t o th e e v a p o r a t i o n system for on-site d i s p o s a l ,
b a c k f i l l i n g the waste recovery pond and i n i t i a t i n g pond
c a p p i n g , b e g i n n i n g at the southwest s id e . A p p r o x i m a t e l y seven
acres of the pond area were c l o s ed in thi s manner, wi th
a d d i t i o n a l c a p p i n g c lo sure a c t i v i t i e s a w a i t i n g r e c e ip t o f
s u i t a b l e f i l l m a t e r i a l s .

By 1984, the T e x a s Depar tmen t of W a t e r
Resources ( T D W R ) , successor t o t h e T W Q B , h a d c o n c l u d e d that
S h e r i d a n D i s p o s a l S e r v i c e l a c k e d t h e t e chn i ca l a n d f i n a n c i a l
resources t o a d e q u a t e l y c l o s e t h e s i te . T h e T D W R ' s p r i m a r y
c l o sure concerns were the p o t e n t i a l f or l o ca l g r o u n d w a t e r
c o n t a m i n a t i o n and the p o s s i b i l i t y of eventual encroachment of
the Brazos River onto the s i t e . T h e s e concerns p r o m p t e d the
TDWR to n o t i f y generator s and t r a n s p o r t e r s o f waste m a t e r i a l s
managed at the s i t e o f the ir p o t e n t i a l r e s p o n s i b i l i t y for
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closure. The agency o f f e r e d these p a r t i e s an o p p o r t u n i t y to
v o l u n t a r i l y assume th i s r e s p o n s i b i l i t y as an a l t e r n a t i v e to
ranking t h e s i t e under t h e N a t i o n a l P r i o r i t i e s Lis t ( N P L ) f o r
S u p e r f u n d act ion under the Comprehens ive Environmental
Response , C o m p e n s a t i o n , a n d L i a b i l i t y A c t o f 1980 ( C E R C L A ) .

I n re sponse t o t h i s n o t i f i c a t i o n , t h e S h e r i d a n
S i t e C o m m i t t e e , composed o f more than 50 o f th e a f f e c t e d
i n d u s t r i a l waste genera tor s and t r a n s p o r t e r s , was f o r m e d . The
S h e r i d a n C o m m i t t e e c o o r d i n a t e d t h e e f f o r t s o f t h e g r o u p i n
r e s p o n d i n g t o t h e T D W R . S h o r t l y t h e r e a f t e r , Resource
Engine er ing , I n c . was retained to provide technical as s i s tance
in d e v e l o p i n g th i s re sponse .

S i n c e F e b r u a r y o f 1984, t h e S h e r i d a n S i t e
C o m m i t t e e has submi t t ed a series of s i t e assessment r e p o r t s to
t h e T D W R f o r c o n s i d e r a t i o n a s t h e bas i s f o r f a c i l i t y c losure.
T h e d i s covery o f p o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) i n t h e pond
at concentrations greater than 50 ppm brought the Environmental
P r o t e c t i o n A g e n c y ( E P A ) into t h e p r o j e c t t h rough the ir
j u r i s d i c t i o n under t h e T o x i c S u b s t a n c e Contro l A c t o f 1976
( T S C A ) . I n March o f 1 9 8 5 , a c ombinat i on f a c i l i t y c lo sure p l a n
a n d T S C A chemical waste l a n d f i l l permit a p p l i c a t i o n were
s u b m i t t e d t o t h e TDWR and EPA Region VI. Sub s equen t t o t h i s
a p p l i c a t i o n , the EPA decided that the site should undergo
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closure under C E R C L A . T h e S h e r i d a n S t e e r i n g C o m m i t t e e h a s
r e s p o n d e d by d e v e l o p i n g th i s Source Control Remedia l
I n v e s t i g a t i o n ( R I ) report a s a summary o f a l l s i t e
i n v e s t i g a t i o n s conduc t ed in accordance with 40 C F R , Part 300.
T h e S D S s i t e w a s f o r m a l l y p r o p o s e d f o r t h e N a t i o n a l P r i o r i t i e s
L i s t ( K P L ) o n J u n e 1 0 , 1986.

The S h e r i d a n D i s p o s a l S e r v i c e s i t e ha s a
background of more than two d e cade s o f o p e r a t i o n a l h i s t o r y ,
r e g u l a t o r y ac t ions and s i g n i f i c a n t events. An overall site
p l o t p l a n showing t h e various on-si te f a c i l i t i e s i s p r e s e n t e d
in F i g u r e 1-4. T a b l e 1-1 p r o v i d e s a d e t a i l e d s i te t i m e l i n e
h i s t o r y o f the se m a j o r events r e l a t i v e t o s i te o p e r a t i o n s .
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Ĵ

•s
S
1
c
v:g

s
•3
S

«n
fO5

K
1Ca,

•*-
u

e
oc.
x
x

•c
uC

IM
T!
il

5c§oLiti
4C

U-lC
tr,JiTC

cc
I
™
*tn
t-c

6a,-C
c

S

1
"C&
sw
* .̂(M D1

o T
L,— £

a r c / ) / /

sa
t
"os
1̂-c8•c

4JC
"(0•g.!c

9!ca
c
£u
c

•*->

t
s

e D
epa

rtm
ent 1

S
JC

*

LI£
5
1
f f >̂
*S|•v.

ore

£
re

7
cnd

men
t c

aus
ed

a.̂41st?a
OJe
G

I

CM

bar
rel

s

ooo
•s
a&to*
UOtu
1
5
g
£
*

5

-c
S3

I10

f l
X*JtK
tn4ai£

•DLI
j*

i 1

1

£
Iif f >̂
f M
^

C / A / J

SJ
1C3

5tsd j
UJaV.

c
£t

6
>-
_̂,

•c

R̂ -ir -
L.a
6c
c-U
9

"c
•c
•p!

*̂
N"N

oo

! ^tx

c

r c o / * / / ? ___

. . -JJ.I1."1



f

cnn
oci

ec

4f^
^̂

^

•c
5
£

1

|
C,

t;a.

I Sc.

•rv 
It-e

n

£
?CJ T
c
^£t:
1
c:
C*-
t"
cs
L_,f l .

4-

i
X

J J
-̂
l/"lX

B-

T
^

*
V

Ik

j £i

rr
|

r
|
|
2
•3

~"sr
•t*
4.
^̂

£
rgc

*
1

,
*

,
u£i1*̂jr**g
i"̂sr
sc
£
c"t
c
K
4-c
«
,̂1
c
to4.
f t
•C
Kt.

*-•

£

0-

cr-
o

i
I T ,I.

f
"o
en
4--

11*5
ou

1
c
uu

MM

r*
1
c
I*c
c
*-1c
t

"Stc
ca
K
t
•̂
^

£
f*
a.

c.<>.c***

8

c
u
"c1Q

t
1
Kiit̂

«>̂
c&d,
L.

L̂>
C
?
~
c
tr,
&i<z
fR
t
16

C
f
|u-I-S
4-£
t
^
...

f

?

Cc
±Jn•3rt•s
ua"LI

1
5
t

c
a.j*
c
ec
K

^

JC

CV
*-1it6

a.'
t-•cc

imt
Va

tec 
i

cL.tr

lu

t-l
i-
2ê
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tr ^ *C•a r l" *• ŝ4 Cv IT,•€ - c1 1 *c, e k.

— < C "**•c ** u.t K <vc £Wf W k«
r _ 4,T: +- tK ' "Xfc * C

tt ? *
| tt t1 S *£ e g-i * -Sc s e

r-i-. r- f-r~ ^ (^
(£ *s rJv -- -v.ts. IT IB

e£tIS
•3

L.i\-
4̂

d,•ec<E-
l: ^

T ££ tsT i
<u O* tf,**> *s
I *t. &,
- f
£ ."HE ' £

I£ i1, Ll
w- u:-** w**. a>£ i
£
? S
r̂- *̂P K
^ r̂* £vo i-t

>-•
.*
f, .. t.' • ncf
i/"3w*u
lyEc«-.Cv£"0&
Vf t
c*J
j:
4̂- '̂
U -̂ —

^ E
* t
1 ?t?. r(C
1* 4« li.
<y* M5 w
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1.1.4 S i t e Ownership - The site is current ly owned
by Mr. Duane S h e r i d a n o f C l a r k e Bottom Road, W a l l e r County,
T e x a s . A l e g a l d e s c r i p t i o n of the area cited by the T e x a s
D e p a r t m e n t of W a t e r Resources i s:

"An area in the northeast p o r t i o n of a
! 6 9 6 . 5 - a c r e tract in the T h o m a s S t e v e n s survey,

Abstrac t #57 (deed f r o m A . S . F l e t c h e r and w i f e
to Duane S h e r i d a n , J a n u a r y 3, 1948, V o l u m e
1 0 8 / 3 9 ) i n W a l l e r C o u n t y , T e x a s , a d j a c e n t t o t h e
Brazos River and about 2 m i l e s northwest of the
in t e r s e c t i on of C l a r k e Bottom Road and FM 1736
in W a l l e r County , T e x a s " .

S h e r i d a n D i s p o s a l Serv i c e is r eg i s t ered as a
c o r p o r a t i o n w i t h Mr. Duane S h e r i d a n a s P r e s i d e n t , Mr. Pat J o h n
S h e r i d a n as V i c e P r e s i d e n t , and Mr. Rupert D. S h e r i d a n as
S e c r e t a r y / T r e a s u r e r / D i r e c t o r .

1.1.5 P h y s i o g r a p h y / T o p o g r a p h y - The s i t e has a s l o p e
of l e s s than 0.3% to the south-southwes t away f r o m the Brazos
River. C l a r k Lake and its i n t e r m i t t e n t t r i b u t a r i e s are the
i n i t i a l c o l l e c t or s o f stormwater r u n o f f with u l t i m a t e
s tormwater d r a i n a g e be ing to the Brazos River via Donahoe
Creek. C h a p t e r 5 p r e s e n t s a more d e t a i l e d d e s c r i p t i o n of
s u r f a c e water r u n o f f a n d f l o o d p a t t e r n s .
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F i g u r e 1-5 is a t o p o g r a p h i c a l survey of the
s i t e p r e p a r e d f r o m aerial p h o t o g r a p h s in 1984. It should be
noted that since that time the evapora t i on system levees and
the pond levees have been s t r eng th ened and raised.

1*2 N a t u r e and Extent of the P r o b l e m , : ,
1-2.1 W a s t e Q u a n t i t i e s __ and Q u a l i t y - The m a j o r

sources of c o n t a m i n a t i o n are the pond s l u d g e s and c o n t a m i n a t e d
s u b s o i l s , the pond l e v e e / d i k e , and the e v a p o r a t i o n sys t em
s u r f a c e s o i l s . P h o t o g r a p h s o f the pond are shown in F i g u r e
1-6. The extent of c o n t a m i n a t i o n in the pond l e v e e / d i k e , and
e v a p o r a t i o n systen. s o i l s , w i l l b e f u r t h e r d e f i n e d i n f i e l d
i n v e s t i g a t i o n s p l a n n e d f o r t h e S u m m e r o f 1987.

T h e pond c o n t a i n s a p p r o x i m a t e l y 1 0 5 , 0 0 0 cubic
y a r d s o f o r g a n i c s l u d g e s which are a p p r o x i m a t e l y 50% by we igh t
water and v o l a t i l e o rgani c s , 30% n o n v o l a t i l e organi c s and 201
i n o r g a n i c m a t e r i a l s . T h e p r i o r i t y p o l l u t a n t o rgan i c s pr e s en t
ar e p r i m a r i l y t o l u e n e , e thyl b enz ene , x y l e n e s , benzene, s tyrene
and o ther a r o m a t i c s ; p h e n o l s ; and traces o f c h l o r i n a t e d
s o l v e n t s such as t e t r a c h l o r o e t h y l e n e and t r i c h l o r o e t h y l e n e .
P o l y c h l o r i n a t e d b i p h e n y l s are pr e s en t at c onc en t ra t i on s up to
223 ppm on a dry we igh t basis.
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Chronic a n d p o t e n t i a l carc inogenic l ong- t erm e f f e c t s
w i l l be d i s cu s s ed in the S i t e Endangerment A s s e s s m e n t .
H o w e v e r , a rat oral acute t o x i c i t y s t u d y was conduc t ed to
de t ermine short term e f f e c t s o f the pond s l u d g e in May o f
1986. No acute toxic e f f e c t s were observed at a dosage level
of 5050 mg s l u d g e / k g rat body w e i g h t . An L D b 0 gr ea t er than
5050 m g / k g s u g g e s t s th i s material i s only s l i g h t l y a c u t e l y
t o x i c .

The pond waste has s t r a t i f i e d into a s u r f a c e o i l
l a y e r , an aqueous p h a s e and a heavy s l u d g e l a y e r . The s u r f a c e
o i l l a y e r ( l e s s than two inches in t h i c k n e s s ) c u r r e n t l y covers
an average of 20% of the pond s u r f a c e area d e p e n d i n g upon wind
c o n d i t i o n s , and i s a s i g n i f i c a n t e v a p o r a t i o n barrier. The pond
aqueous p h a s e i s a p p r o x i m a t e l y two f e e t in d e p t h and c u r r e n t l y
amount s t o about 8 m i l l i o n g a l l o n s o f s t ormwater s t o r a g e .
A n a l y s i s i n d i c a t e s th e pond water i s c o n t a m i n a t e d wi th the
f o l l o w i n g p r i o r i t y p o l l u t a n t s i n d e c r e a s i n g order o f
concentrat ion: p h e n o l , t r i c h l o r o e t h y l e n e , t o l u e n e ,
t e t r a c h l o r o e t h y l e n e and i s o p h o r o n e .

The pond levee sy s t em was c on s t ruc t ed f r o m
s u r r o u n d i n g c l a y s and combus t i on r e s i d u e s f r o m was te burning.
A s i g n i f i c a n t amount ( a p p r o x i m a t e l y 10%) o f t h e l evee m a t e r i a l
may be ash r e s i d u e f r o m a waste s tream c h a r a c t e r i z e d as a
d i a t o m a c e o u s earth f i l t e r a id we t t ed wi th a p e t r o l e u m o i l .

oo
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T h i s f i l t e r cake waste contained u n s p e c i f i e d o r g a n o - m e t a l l i c
chemica l s as w e l l as i n s o l u b l e barium and zinc s a l t s . A ' umber
of drums have been incorporat ed into the levee s tructure in the
north and west s ec t ions.

The e v a p o r a t i o n sy s t em cons i s t s o f 42 acres o f
water ^ r & k e n f c i p n c^ells which were constructed in 1976 for
e v a p o r a t i v e t r ea tment o f pond s tormwater. The sy s t em has
r e p o r t e d l y managed more than 40 m i l l i o n g a l l o n s o f w a s t e w a t e r
s ince 1 9 7 C . S a m p l i n g c onduc t ed in 1984 and 1985 by Resource
E n g i n e e r i n g i n d i c a t e s that the soi l ha s e l e v a t e d l e v e l s o f
chromium, l e a d , and zinc at d e p t h s r a n g i n g to three f e e t in
various c e l l s . A s par t o f t h e S u p p l e m e n t a l S a m p l i n g a n d
A n a l y s i s P l a n ( S S A P ) , a d d i t i o n a l s a m p l i n g t o d e p t h s grea t er
t h a n thr e e f e e t w i l J . b e c onduc t ed in order t o e s t a b l i s h the
e x t e n t o f c o n t a m i n a t i o n . A n a l y s i s t o d a t e s u g g e s t s that t h e
c e l l s c l o s e s t t o the p o i n t o f s t ormwater i n t r o d u c t i o n have the
h i g h e s t l e v e l s o f c o n t a m i n e v n t s . T o d a t e p r i o r i t y p o l l u t a n t
o r g a n i c s f o u n d were in the e v a p o r a t i o n sy s t em o n l y in areas of
s u r f a c e s l u d g e c o n t a m i n a t i o n , a n d i n c l u d e d : p h e n o l ,
e t h y l b e n z e n e , t o l u e n e , b enzene , 2 - 4 - d i m e t h y l p h e n o l ,
t e t r a c h l o r o e t h y l e n e , a n d N - n i t r o s o d i p h e n y l a m i n e .

T h e groundwat er f l o w d i r e c t i o n o f t h e water
t a b l e a q u i f e r i s p r e d o m i n a n t l y toward the north-northwes t and
i t d i s c h a r g e s into the Brazos River. G r o u n d w a t e r f l o w
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d ir e c t i on is variable and is d e p e n d e n t on the Brazos River
water l ev e l .

1.2.2 N e a r _ Futur e I m p a c t s - An e co log i ca l survey of
the s i te indica t ed no de tr imenta l e f f e c t s upon the f l o r a and
f a u n a due to the presence of the site except for direct s u r f a c e
contact. w i t ^ . . ^ u r f a ^ £ : o i J | | f v . j L i i q 1 ; . h 4 i ^ o n d ( C h a p t e r 7 , 0 )

A Groundwater M i g r a t i o n Management RI report
w i l l addre s s the p o t e n t i a l impac t s on local d r i n k i n g water
s u p p l i e s , water t a b l e a q u i f e r and th e f i r s t c o n f i n e d a q u i f e r .

P r e l i m i n a r y eva lua t i on s of recent air
i n v e s t i g a t i o n s b y t h e E P A ' s Emergency Response T e a m a n d
Resource E n g i n e e r i n g i n d i c a t e that the s i te does not
s i g n i f i c a n t l y impact local a i r q u a l i t y ( C h a p t e r 6 . 0 ) , T h i s
w i l l be f u r t h e r eva lua t ed in the Endangerment A s s e s s m e n t .

The s i te has been s t a b i l i z e d and stormwater
a c c u m u l a t i o n is be ing managed by removal of f l o a t i n g oil on the
p o n d . A p p r o x i m a t e l y 2 0 m i l l i o n g a l l o n s o f a c cumula t ed
s tormwater has been moved to the evapora t i on sys t em and
e v a p o r a t e d . I f l e f t unmanaged, t h e most s i g n i f i c a n t near
f u t u r e impact would be the p o t e n t i a l for d i s charge o f
con taminat ed stormwater f r o m the pond into C l a r k Lake and the
Brazos River. As di scus sed in C h a p t e r 5.0, stormwater
accumulat ion could result in dike o v e r t o p p i n g within 3-5 years,
if not managed.

The Brazos River Bank north of the pond is
c u r r e n t l y e rod ing at an average rate of l e s s than two f e e t per

1 - 3 5
RESOURCE ENGINEERING

in

oo



year. At this rate it w i l l be over 100 years b e f or e the river
intrudes upon the s i t e ,

1-2.3 Past _Remed ia l__ A c t i o n s at the S i t e * Remedial
actions at the site began as early as March of 1975 when SOS
received an o p e r a t i n g permit f r o m the T e x a s Air Contro l Board
(TACB) for a l i q u i d waste burner. In, a d d i t i o n t o direct waste
inc inerat ion, the system was used as a b o i l e r / e v a p o r a t o r for
treatment of the pond waters.

I n February , 1976, t h e T e x a s W a t e r Q u a l i t y
Board ( T W Q B ) issued amendments t o t h e f a c i l i t y ' s o p e r a t i n g
p e r m i t . One of these amendment s required the f a c i l i t y to meet
a s ch edu l e for the dewater ing and closure of the pond . In May
of 1976 S h e r i d a n Dispo sa l Service s began op era t ing a TWQB
approved 42-acre "evaporation irrigation" system for treatment
of the pond waters . The system r e p o r t e d l y treated over 40
m i l l i o n g a l l o n s o f water d u r i n g t h e p e r i od f r o m M a y o f 1976
through 1984. S a m p l i n g conduc t ed by the TWQB and Resource
E n g i n e e r i n g ind i ca t e s that organics and heavy m e t a l s were
reduced in concentration as the impoundment waters passed
through the evaporat ion system treatment c e l l s p r i m a r i l y
through b i o d e g r a d a t i o n , s o r p t i o n to s o i l s , and e v a p o r a t i o n .
( S e e f u r t h e r d i s c u s s i o n S e c t i o n 3 . 1 . 3 . ) E v a p o r a t i o n sy s t em
trea tment o f th e was t ewater preven t ed m a j o r d i s c h a r g e s t o C l a r k
Lake and the Brazos River as well as p o s s i b l y preventing a
ca ta s t r oph i c f a i l u r e of the pond dike system.

vO
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I n A p r i l o f 1984, t h e S h e r i d a n S i t e Commit tee
pursuant to TDWR dire c t i on in i t ia t ed remedial act ions at the
site. T h e s e actions i n c l u d e d :

( 1 ) A p p r o x i m a t e l y 11.5 m i l l i o n g a l l o n s o f
pond water were t r a n s f e r r e d to the evapora t i on system for
on-site management

( ? ) T h e pond a n d evapora t i on system d ike s
were r e p a i r e d , s t r e n g t h e n e d and raised.

( 3 ) A p p r o x i m a t e l y 6,000 g a l l o n s o f f l o a t i n g
o i l s were removed f r o m the pond and p l a c e d into on-site tanks.

1 .3 S u m m a r y o f S i t e _ I n v e s t i g a t i o n s - Numerous
i n v e s t i g a t i o n s have been conducted to i d e n t i f y site
c o n d i t i o n s . The i n i t i a l site assessments were conducted by the
T e x a s Depar tmen t o f Water Resources (TDWR) and i t s
predece s sor s . T h e s e asses sments consisted o f f a c i l i t y
i n s p e c t i o n s and l i m i t e d s a m p l i n g beginning in 1962 and
increased in scope in l a t e r years. S a m p l i n g inc luded
groundwat er , pond s l u d g e , pond water, C l a r k Lake, and
evaporat ion system water and s u r f a c e s o i l s . A di s cus s ion of
the s i g n i f i c a n c e of these da ta is presented in C h a p t e r 3.

In J u l y o f 1983, an EPA F i e l d I n v e s t i g a t i o n Team
(FIT) conducted a site survey Background data was c o l l e c t e d
for the M i t r e H a z a r d Ranking S y s t e m (HRS) model which i s used
to evaluate site e l i g i b i l i t y for inclusion on the N a t i o n a l
Prior i t i e s List (NPL) under C E R C L A . Various sample s f r o m th e

oo
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Brazos River, ground water, air, p o n d , and the e v a p o r a t i o n
sys tem were a n a l y s e d . C h a p t e r 3 contains a review of these
d a t a .

Resource E n g i n e e r i n g I n c . was retained in February of
1984 by the S h e r i d a n S i t e commit t e e to p r o v i d e t echnical
a s s i s t a n c e in d e v e l o p i n g a c losure p l a n for the s i t e . The
f o l l o w i n g t e chn i ca l r epor t s have been s u b m i t t e d to the T e x a s
D e p a r t m e n t o f W a t e r Resources and, l a t e r , Reg ion V I o f t h e
E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( E P A ) :

• M a y 1984, " S h e r i d a n D i s p o s a l S i t e P r e l i m i n a r y
S i t e A s s e s s m e n t "

• J u l y 1984, " S h e r i d a n D i s p o s a l S i t e A d d i t i o n a l
S i t e A s s e s s m e n t Data and C l o s u r e Concep t"

• October 1984, " A c p j a t i c Survey of C l a r k Lake at
S h e r i d a n D i s p o s a l Service"

• October 1984, "Permit A p p l i c a t i o n f or
C o n s t r u c t i o n of a S p u r J e t t y S y s t e m on the Brazos River"

• March 1985, " S h e r i d a n D i s p o s a l S e r v i c e , W a s t e
M a n a g e m e n t F a c i l i t y C l o s u r e P l a n a n d T S C A Chemical W a s t e
L a n d f i l l Permit A p p l i c a t i o n "

• Augus t 1985 , " Q u a l i t y Assurance P r o j e c t P l a n
f o r S h e r i d a n D i s p o s a l Servi c e F i e l d A c t i v i t i e s "

• A u g u s t 1985, " H y d r o g e o l o g i c I n v e s t i g a t i o n p l a n
f o r S h e r i d a n D i s p o s a l Serv i c e F i e l d A c t i v i t i e s "

1 - 3 8
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m S e p t e m b e r 1985, " S a m p l i n g and A n a l y s i s Plan
f o r S h e r i d a n D i s p o s a l S e r v i c e F i e l d A c t i v i t i e s "

The most recent si te inve s t iga t i on was conducted f r o m
N o v e m b e r , 1985 through J a n u a r y o f 1986. T h e f i e l d
i n v e s t i g a t i o n p l a n s were develope,^. J , n ^ i n response t o E P ^ ' s .July
15, 1985 t e c h n i c a l review o f e x i s t i n g s i te i n f o r m a t i o n .
A d d i t i o n a l s i t e h y d r o g e o l o g i c i n f o r m a t i o n and soil
c h a r a c t e r i z a t i o n s were required to c o m p l e t e t h i s s i te R e m e d i a l
I n v e s t i g a t i o n ( R I ) under C E R C L A gu idanc e .

T h e a d d i t i o n a l h y d r o g e o l o g i c inve s t iga t i on s consisted
o f :

• T h r e e a d d i t i o n a l borings in the evaporat ion
system area.

• T h r e e s h a l l o w s l u g test p i e z o m e t e r s to
determine p e r m e a b i l i t y o f upper c lay layer (in s i tu
p e r m e a b i l i t y ) .

• E i g h t p i e z o m e t e r s and two w e l l s in the water
tab l e a q u i f e r and the c o n f i n e d a q u i f e r for pump t e s t s to
f u r t h e r d e f i n e a q u i f e r c h a r a c t e r i s t i c s .

• W e e k l y s t a t i c water level measurements during
f i e l d a c t i v i t i e s t o d e f i n e ground water f l o w p a t t e r n s .

T h e s a m p l i n g a n d a n a l y s i s inve s t i ga t i on s consisted o f ;

oo
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• S e d i m e n t sampl ing o f Clark Lake for GC/MS
pr i or i ty p o l l u t a n t s and p e s t i c i d e s .

• S o i l s a m p l i n g of the evaporation system test
p l o t for contaminant ind i ca t o r parameters o f o i l and
grease and s e l e c t ed heavy me ta l s*

• S a m p l i n g of the evaporat ion system c e l l s to a
d e p t h of 3 f e e t for contaminant indica tor parameters and
G C / M S analy s i s o f s e l e c t ed sample s .

• Background soil s a m p l i n g and a n a l y s i s o
CM

F o l l o w i n g submit tal of a d r a f t RI in J u l y o f 1986,
EPA de t ermined that a d d i t i o n a l h y d r o g e o l o g i c inve s t iga t i on s as
we31 as f u r t h e r soil s a m p l i n g would be required. A Groundwater
M i g r a t i o n M a n a g e m e n t RI w i l l report on the r e s u l t s of the
h y d r o g e o l o g i c a l i n v e s t i g a t i o n s . A s epara t e report w i l l contain
the r e su l t s of the evaporation system and levee soil s a m p l i n g .

ao

1•4 R e m e d i a l I n v e s t i g a t i o n .Report Overview - T h i s
R e m e d i a l I n v e s t i g a t i o n ( R I ) report i s a summary o f a l l
a p p l i c a b l e da ta on th e S h e r i d a n D i s p o s a l Serv i c e S i t e i n c l u d i n g
the r e su l t s of f i e l d inve s t igat ions requested by the EPA in
J u n e , 1985.

C h a p t e r 2 d i s cu s s e s the s i t e f e a t u r e s i n c l u d i n g local
p o p u l a t i o n s t a t i s t i c s , land use, s u r f a c e water uses,
groundwater resources, and a summary of local meteorology.

1 - 4 0
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C h a p t e r 3 describee the waste quanti t i e s ana
characteris t ics at the site. A v a i l a b l e analyt i cal data are
reviewed for the pond s l u d g e , pond waters, and evaporation
system. The chemical f a t e and transport of the wastes is a l so
d i s c u s s e d .

C h a p t e r 4 d e t a i l s the regional and site s p e c i f i c
g e o l o g y , regional and s i t e - s p e c i f i c hydro logy and s o i l . T h i s
chapter provide s an in t erp-^cat ion of g e o l o g i c processes
r e s u l t i n g in the d e p o s i t i o n a l s e d i m e n t s which serve as the host
g e o l o g y of the site and an e v a l u a t i o n of s i te groundwat er
h y d r o l o g y and the r e l a t i o n s h i p between the s h a l l o w unconf ined
water tab l e a c f u i f e r and the c o n f i n e d a q u i f e r .

C h a p t e r 5 de s cr ibe s t h e a r e a ' s s u r f a c e water
h y d r o l o g y , i n c l u d i n g stonawater r u n o f f . A n a l y t i c a l r e su l t s o f
s a m p l e s c o l l e c t e d f r o m C l a r k Lake and the Brazos River are
d i s c u s s e d .

C h a p t e r 6 reviews a v a i l a b l e d a t a on atmospher ic
emissions f r o m the site. Chemical d e g r a d a t i o n p a t h s of the
m a j o r contaminant s are also reviewed.

C h a p t e r 7 pre sent s the re su l t s of recent
i n v e s t i g a t i o n s o f t h e s i t e ' s f a u n a a n d f l o r a . T h e surrounding
e co sy s t ems are de scribed and the p o t e n t i a l for the presence of
endangered spec ie s is reviewed.

C h a p t e r 8 is a review of the s i t e ' s present impact on
pub l i c h ea l th and a review of ex i s t ing environmental damage
f r o m the s ite. i

V"
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C h a p t e r 9 summarizes the more s i g n i f i c a n t r e su l t s of
the Remedial I n v e s t i g a t i o n Repor t . T h e s e data wi l l serve as
s i t e d o c u m e n t a t i o n f r o m which -co p r e p a r e a Source Control
F e a s i b i i t y S t u d y ( F S ) f o r u l t i m a t e s i te remediat ion.

CM
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2 . 0 S I T E . F E A T U R E S
2 . 1 D e m o g r a p h y - T h e S h e r i d a n D i s p o s a l S e r v i c e ( S D S ) s i t e

i s l o c a t e d a d j a c e n t to the Brazos River in northwes t ern W a l l e r
C o u n t y , T e x a s , a p p r o x i m a t e l y 9 m i l e s north-northwes t o f t h e
town o f H e m p s t e a d , T h r e e s m a l l e r communit ie s in W a l l e r -.county

. . . , , . . . _ * . _ , - , , t . - L . . , . . , ' ' . " . , . ^ . - . . . , . , . . , . , . - . - — — F t - d r l J , , H f i | L ^ | - - - | l ••' -TiJ ~,

l i e w i t h i n 10 m i l e s o f the f a c i l i t y . Deerwood Lake s and
Deerwood N o r t h are l o c a t e d 6 m i l e s to the e a s t ; the R o l l i n g
K i l l s c o m m u n i t y l i e s about 8 m i l e s e a s t - s o u t h e a s t o f t h e s i t e .
I n a d d i t i o n , t h e town o f P r a i r i e view a n d P r a i r i e V i e w A & M
U n i v e r s i t y are l o c a t e d 12 mile^ s ou th ea s t o f SDS, a s shown in
F i g u r e 2-1.

Other c ommuni t i e s are l o c a t e d in W a s h i n g t o n C o u n t y ,
which i s a d j a c e n t t o W a l l e r C o u n t y , s e p a r a t e d by th e Brazos
River . T h e s m a l l c ommuni ty o f Brown C o l l e g e , T e x a s l i e s
c l o s e s t t o t h e S D S , a p p r o x i m a t e l y o n e a n d o n e - h a l f m i l e s nor th
i n W a s h i n g t o n C o u n t y . Other c o m m u n i t i e s i n c l u d e W a s h i n g t o n , 8
m i l e s t o t h e n o r t h - n o r t h w e s t , a n d C h a p p e l l H i l l , 9 m i l e s t o t h e
s o u t h w e s t . A n o t h e r c o m m u n i t y w i t h i n 10 m i l e s o f SDS i s
C o u r t n e y , l o c a t e d about 5 m i l e s to the n o r t h e a s t in G r i m e s
C o u n t y .

D e m o g r a p h i c i n f o r m a t i o n was c o m p i l e d for an area o f
a p p r o x i m a t e l y 12 m i l e s in rad iu s ( 4 5 0 square m i l e s ) around the
S D S s i t e . T h i s i n c l u d e s t h e towns o f H e m p s t e a d , P r a i r i e V i e w ,
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C h a p p e l l H i l l , a n d W a s h i n g t o n . A l l d a t a w a s ob tained f r o m t h e
D o n n e l l y D e m o g r a p h i c s d a t a base u s ing D I A L O G I n f o r m a t i o n
S e r v i c e s ( 1 9 8 6 ) . A d a t a summary i s p r o v i d e d in T a b l e 2-1.

The 1985 e s t i m a t e d p o p u l a t i o n for the area w i t h i n 12
m i l e s of the SDS s i t e i s , 1 5 , 5 2 7 ; t h i s i s an average of 35
p e o p l e or 12 h o u s e h o l d s per square m i l e , and a 23 percent
increase f r o m the 1980 census. By 1 9 9 0 , the p o p u l a t i o n is
p r o j e c t e d to grow by 14.4 percent to a p p r o x i m a t e l y 1 7 , 7 6 7
p e o p l e , whi ch is e q u i v a l e n t to an average of 39 p e o p l e or 13
h o u s e h o l d s p e r square m i l e . T h e number o f h o u s e h o l d s a l s o
incr ea s ed f r o m 3 , 5 4 5 in 1980 to 5 , 0 3 5 in 1985. An increase in
the number of h o u s e h o l d s to 5 , 8 9 0 is e s t i m a t e d by the year
1 9 5 0 . T h e average h o u s e h o l d s i z e , 3 p e o p l e , h a s remained
con s tan t and is not e x p e c t e d to change through 1990.

Over 60% of the r e s i d e n t s w i t h i n the area s t u d i e d
r e s i d e w i t h i n t h e m a j o r towns a n d c o m m u n i t i e s d e s c r i b e d , w i t h
s p a r s e r e s i d e n c e s in the l a r g e rural areas c l o s e s t t o the SDS
s i t e . O n l y one p ermanen t r e s i d enc e ( t h a t o f Mr. S h e r i d a n ) i s
l o c a t e d w i t h i n 1 m i l e o f the s i t e . H o w e v e r , a s i t e car e tak er
l i v e s i n a m o b i l e home a p p r o x i m a t e l y 2 0 0 0 ' s ou thea s t o f t h e
por .d . T h e m e d i a n a g e o f t h e p o p u l a t i o n varies be tween W a l l e r
a n d W a s h i n g t o n C o u n t i e s . T h e towns o f H e m p s t e a d a n d P r a i r i e
V i e w i n W a l l e r C o u n t y have a m e d i a n a g e o f 2 6 , w h i l e t h e m e d i a n
age o f 34 in W a s h i n g t o n ind c h a p p e l H i l l in W a s h i n g t o n C o u n t y
i s o l d e r . T h i s d i f f e r e n c e i s due t o th e f a c t that a p p r o x -
i m a t e l y 20 percent o f W a s h i n g t o n C o u n t y ' s p o p u l a t i o n i s 6? o r
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Total PopulationTotal HouseholdsHousehold PopulationAverage Household S i z eMedian Household Income

Total Population By Age0- 5
6-1314-17

18-24
25-34
35-44
45-54
55-64
65 +
Median Age Total PopulationMedian Age Adul t Populat ion

; •., i . . . . . .

I f c l

Henpet

1980Census
8,072
2,474
6,932

2.8
$14,429

1980Number
8,072

674
930
530

1,806
1,079

666
665
663

1,059
25.7
36.2

., , :••

3le 2-1
r: tnf ormaticn
:ead, ttexas

1985Estimate
10,210

3,335
9,326

2.8
$19,586

CensusPercent
100.00%

8.3%
11.5%

6.6%
22.4%13.4%

8.3%
8.2%
8.2%13.1%

Dire/

% Change
80 to 85

26.5%
34.8%
34.5%

-,1%35.7%
1985Estimate
10,210

9.5%
11.4%

8.2%
16.9%
13.7%
11.1%

7.5%
8.3%

13.3%
27.8
39.2

•more rn

1990Project ion
11,924

3,984
11,040

2.8
$ 2 6 , 2 5 9

1990Projec t ion
11,924

9.7%
12.1%7.1%
15.6%
14.1%12.5%

8.4%
7.5%

13.0%
28.5
39.6
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Total PopulationTota l HouseholdsHousehold PopulationAverage Household S i z eMedian Household Income

Total Populat ion By Age0- 5
6-13

14-17
18-24
25-34
35-44
45-54
55-64
65 +
Median Age Total Populat ionMedian Age A d u l t Populat ion

I f e b l e 2-1 (continued)
Prairie View, Texas

1980 1985Census Estimate
2,266 2,744

219 722
586 2,0832.7 2.9

$18,392 $35,712
1980 CensusNumber Percent

2,266 100.0%
45 2.0%
70 3.1%
51 2.3%1,734 76.5%
69 3.0%
54 2.4%
90 4.0%
83 3.7%
70 3.1%

21.8
22.2

2 - 5

— — — „ . , _ , . , . , QfCf

% Change 199080 to 85 Projec t ion
21.1% 3,115229.7% 858

255.5% 2,454
7.7% 2.9

94.2% $41,078
1985 1990Estimate Projec t ion
2,744 3,115

6.8% 7.0%
9.2% 9.1%11.3% 10.0%

26.8% 24.5%
11.7% 12.5%
10.8% 11.7%

7.9% 8.8%
7.1% 7.2%
8.3% 9.4%

23.9 24.8
33.1 35.0
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Table 2-1 (ccntimed)Kashi j ig t cn , Texas

Total PopulationTotal HouseholdsHousehold PopulationAverage Household S i z eMedian Household Income

1980Census
1,195

441
1,1952.7

$12,594

1985Estimate
1,333

507
1,333

2.9
$16,524

1980 Census

Total Population By Age
0- 56-13

14-17
18-24
25-34
35-44
45-54
55-64
65 +
Msdian Age Total Populat ionMedian Age Mult Peculation

Number
1,195

112
118

89106157
96

138135
244

36.5
50.6

""""2 - 6

Percent
100.0%

9.4%
9.9%
7.4%8.9%

13.1%8.0%
11.5%
11.3%
20.4%

BKt

% Change
80 to 85

11.5%
15.0%
11.5%
-2.8%
31.2%

1985Estimate
1,333

8.6%
10.4%

5.6%
13.1%
13.9%

8.6%8.8%
11.5%
19.7%
33.7
47.3

7 / / / ? r r cm

19̂ 0_Projection
1,402539
1,402

2.6
$20,333
1990Project ion

1,4028.7%
11.3%

5.0%
9.8%

17.4%
10.7%

7.9%
10.5%
18.8%
33.4
44.6
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Total PopulationTotal HouseholdsHousehold PopulationAverage Household S i z eMedian Household Income

Chappel l
1980Census
1,095411
1,0952.7

$12,656

(continued)
H i i i , Texas

1985Estimate
1,240471
1,233

2.6
$18,846

1980 Census

Total Populat ion By Age
0- 56-13

14-17
18-24
25-34
35-44
45-5455-64
65 +
Median Age Total Populat ionMedian Age Adult Populat ion

Number
1,095

79
11399
145
103

94
124
113
225

35.8
49.7

2 - 7

Percent
100.0%

7.2%
10.3%

9.0%
13.2%

9.4%
6.6%

11.3%10.3%
20.5%

BFSf

% Change80 to 85
13.2%14.6%
12.6%
-1.6%
48.9%

1985Estimate
1,240

48.5%
10.4%

5.6%
2*8%
3.8%
8.8%
8.8%

11.3%19.9%
34.0
47.5

. . . , , :

WBPf FM

1990.Proj e c t i on
1,326509
1,3192.6

$26,933
1990.Projection

1,326
8.6%

11.3%
5.2%

10.0%
16.9%
10.9%

8.1%
10.3%
18.8%
33.5
44.7
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o l d e r . Age d i s t r i b u t i o n for the entire area i s i l l u s t r a t e d in
F i g u r e 2-2; the greates t percentage of r e s ident s is in the 18
to 24 age bracke t , f o l l o w e d by those 65 and o l d e r . T h i s
p o p u l a t i o n i s i m p a c t e d by c o l l e g e s t u d e n t s , who are t e m p o r a r y
r e s i d e n t s in the P r a i r i e view area.

P r a i r i e V i e w , T e x a s i s t h e most d y n a m i c o f t h o f o u r
towns , w i th t h e g r e a t e s t , s h i f t i n p o p u l a t i o n d i s t r i b u t i o n . T h e
p o p u l a t i o n h a s changed f r o m 98.8 percent B l a c k i n I 9 6 0 t o
a p p r o x i m a t e l y 42 p e r c e n t in 1985. T h i s d e c r e a s i n g trend i s
p r o j e c t e d t o c on t inue t h r o u g h the end o f the d e c a d e . The race
c a t e g o r y l i s t e d a s "other" in the D o n n e l l y D e m o g r a p h i c s d a t a
base i s i n c r e a s i n g in P r a i r i e V i e w as i s the H i s p a n i c
communi ty. The d e m o g r a p h i c s i n d i c a t e that over 75% of Prair i e
V i e w ' s r e s i d e n t s a r e o f c o l l e g e a g e ( 1 8 t o 2 4 y e a r s ) a n d a r e
p r o b a b l y n o t p e r m a n e n t r e s i d e n t s .

A s h i f t in income i s a l s o oc curr ing w i t h i n the f o u r
towns c l o s e s t t o t h e S D S s i t e . F i g u r e 2 - 3 i l l u s t r a t e s t h e
m e d i a n income f o r each o f the se c o m m u n i t i e s f o r t h e years I 9 6 0 ,
1 9 8 5 , a n d 1990. P r a i r i e V i e w ' s m e d i a n income increased t h e
m o s t , a 9 4 . 2 perc en t change f r o m 1980 to 1985. P r a i r i e V i e w
ha s th e h i g h e s t m e d i a n income o f th e l o c a l c o m m u n i t i e s ,
p r i m a r i l y because o f t h e pr e s enc e o f P r a i r i e V i e w A S M
U n i v e r s i t y .
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I n summary, t h e towns o f H e m p s t e a d , Prair i e V i e w ,
C h a p p e l l H i l l , and W a s h i n g t o n , T e x a s are growing at 3%
a n n u a l l y . T h i s trend i s e x p e c t e d to continue through 1990 and
is c oncentra t ed in the e x i s t i n g communi t i e s . The current
a g r i c u l t u r a l land uses near thi s s i te is expec t ed to remain
unchanged. P o p u l a t i o n and income is increas ing in all f o u r
c o m m u n i t i e s .

2.2 Land Use - Land use w i th in a f o u r - m i l e r a d i u s of the
SDS s i te i s a g r i c u l t u r a l , i n c l u d i n g pa s ture and r a n g e l a n d .
A r e a s used f o r p a s t u r e a r e d e v o t e d p r i m a r i l y t o b e e f c a t t l e .
P a s t u r e areas a r e u s u a l l y p l a n t e d i n B e r m u d a g r a s s , K l e i n g r a s s ,
or Bahiagras s . Other s ec t ions are cu l t i va t ed in truck c rop s ,
corn, s o r g h u m , and s m a l l gra in s . Land not used for
a g r i c u l t u r a l p u r p o s e s i s l e f t a s w o o d l a n d s , p r i m a r i l y o a k a n d
o ther h a r d w o o d s , and c o m p r i s e s a p p r o x i m a t e l y one-quarter o f the
f o u r - m i l e radius (USDA, 1981 and 1 9 8 4 ) .

T h e s m a l l c o m m u n i t y o f Brown C o l l e g e , T e x a s , i s t h e
most p o p u l a t e d area w i t h i n t h e f o u r - m i l e r a d i u s o f t h e S D S
s i t s . A p p r o x i m a t e l y 20 houses are s p a r s e l y s cat t ered
t h r o u g h o u t the Brown C o l l e g e area, and there are no other
c o m m u n i t i e s or h o u s i n g d e v e l o p m e n t s w i t h i n th e f o u r - m i l e
r a d i u s , o ther urban l a n d use w i t h i n the area was d i s c u s s e d in
more d e t a i l in S e c t i o n 2-1,

oo
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Oil and gas p r o d u c t i o n w e l l s and gravel p i t s a l s o
c o m p r i s e a s m a l l p o r t i o n of the land use w i t h i n a f o u r - m i l e
r a d i u s of the SDS s i t e . A l a n d use map is p r o v i d e d as F i g u r e
2-4.

2.3 A r e a Resources
2.3.1 S u r f a c e W a t e r * W i t h i n a f o u r - m i l e r a d i u s o f

t h e S D S s i t e a r e several b o d i e s o f s u r f a c e water. T h e Brazo s
River i s the l a r g e s t and most p r o m i n e n t . T h e r e are a l s o s m a l l
l a k e s , s tock p o n d s , s t r e a m s , a n d m a r s h l a n d s . L o c a t i o n o f
s u r f a c e water b od i e s is p r o v i d e d on the land use map ( F i g u r e
2 - 4 ) .

Brazos River S e g m e n t 1202 f o r m s the northern
boundary of the SDS s i te . S e g m e n t 1202 of the Brazos River is
d e f i n e d by the TWC a s s t a r t i n g a t the N a v a s o t a River C o n f l u e n c e
( a p p r o x i m a t e l y 12 m i l e s north o f the s i t e ) and e n d i n g at the FM
521 b r i d g e in B r a z o r i a county. Because o f u p s t r e a m d i s c h a r g e s ,
t h i s s egment ha s been c l a s s i f i e d a s e f f l u e n t l i m i t e d by th e
T W C . E f f l u e n t l i m i t e d river s egment s require wat er d i s c h a r g e
p e r m i t s wh i ch l i m i t p o l l u t a n t d i s c h a r g e s . W a t e r uses i n c l u d e
contac t and noncontac t r e c r e a t i o n , p r o p a g a t i o n o f f i s h and
w i l d l i f e , i r r i g a t i o n , a n d d o m e s t i c r a w water s u p p l y . Base f l o w
a t m o n i t o r i n g s t a t i o n 1 2 0 2 . 0 1 3 3 i s 714.3 c f s ( T D W R , 1 9 8 4 ) .

As o f 1984, a l o n g S e g m e n t 1202 of the Brazos
River , 29 m u n i c i p a l and 18 n o n m u n i c i p a l d i s c h a r g e s are
p e r m i t t e d . T h e s e d i s c h a r g e s i n f l u e n c e t h e water q u a l i t y which

in
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inc lude s p e r i o d i c e l eva t i ons o f f e c a l c o l i f o r m bac t er ia and
p h o s p h a t e . T h e W a t e r Q u a l i t y M a n a g e m e n t P r o g r a m , S t a t e o f
T e x a s W a t e r Q u a l i t y I n v e n t o r y , T D W R , 1984 s t a t ed that " e l evat ed
l e v e l s of arsenic, chromium, mercury, zinc and a l d r i n have been
f o u n d i n water ( i n S e g m e n t 1 2 0 2 ) * T h e sources a n d s i g n i f i c a n c e
of the s e c o n t a m i n a n t s have not been d e t e r m i n e d . " Of these
c o n t a m i n a n t s , zinc has been d e t e c t e d at l e v e l s of 118 to 1 3 , 8 0 0
m g / k g and chromium is p r e s en t at l e v e l s of 19 to 302 m g / k g in
t h e p o n d s l u d g e ( T a b l e 3 - 2 ) . A s c o n c l u d e d i n C h a p t e r s 4 a n d 5 ,
the s i t e doe s no t a d v e r s e l y i m p a c t the water q u a l i t y o f the
Brazos River.

The Brazos River i s a mature river s y s t e m
c h a r a c t e r i z e d by i t s m e a n d e r i n g p a t t e r n . Ero s i on occurs on the
o u t s i d e or concave s id e of river banks and d e p o s i t i o n of
m a t e r i a l on the convex s i d e , c r e a t i n g U - s h a p e d m e a n d e r s . Over
g e o l o g i c t i m e , cont inued eros ion cuts the bank so s ev er e ly that
the river f l o w s t h r o u g h the cut bank and i s o l a t e s the m e a n d e r .
T h e s e i s o l a t e d p o r t i o n s o f river become oxbow l a k e s , named for
t h e i r d i s t i n c t i v e s h a p e .

W i t h i n a f o u r - m i l e r a d i u s o f t h e S D S s i t e a r e
two oxbow l a k e s , both a p p r o x i m a t e l y 2.5 m i l e s to the southwest
as shown in F i g u r e 2-5. S m a l l e r l a k e s c l o s e to the Brazos
R i v e r , such as C l a r k L a k e , may be remnants o f o l d e r oxbow l a k e s .

vO

Oo

2 - 1 4L RESOURCE ENGINEERING



S C A L E ( M I L E S )

RESOURCE ENGINEERING IHC.
F I G U R E 2 - 5

S U R F A C E W A T E R
S H E R I D A N D I S P O S A L S E R V I C E

O t U M W t V : L M Q 3-10-17 I M O J E C T I K L 280-04



C l a r k L a k e , created by 2 man made dams in a
natural d r a i n a g e c h a n n e l , borders the SDS s i te on the south and
is used as a water s u p p l y for l i v e s t o c k . To the southeast of
the SDS s i t e , Donahoe Creek i s dammed to f o r m a s m a l l lake .
S c a t t e r e d throughout the f o u r - m i l e radiu s are several smal l
l ake s a n d s tock p o n d s ( U S G S , 1961 a n d 1 9 7 9 ) .

F i v e s treams are l o c a t e d w i t h i n a f o u r - m i l e
r a d i u s o f t h e S h e r i d a n D i s p o s a l S e r v i c e s p r o p e r t y . Beason
C e d a r Cre ek i s l o c a t e d 3 . 2 m i l e s northeas t o f t h e f a c i l i t y ;
Donahoe Creek i s l o c a t e d 1.3 m i l e s to the s o u t h ; and W a l n u t
Bayou border s th e f o u r - m i l e rad iu s t o t h e south. All three o f
th e s e s t r eams f l o w f r o m east to west and d i s c h a r g e into the
Brazo s River.

Doe Run, 1 .2 m i l e s northwes t o f th e SDS s i t e ,
a l s o d i s c h a r g e s into the Brazos River on the west bank.
J a c k s o n Cre ek l i < 2 s a p p r o x i m a t e l y 3 .5 m i l e s west o f t h e
f a c i l i t y . T h i s s t r eam f l o w s south into R e d G u l l y which
d i s c h a r g e s t o N e * r Y e a r s C r e e k a n d e v e n t u a l l y into t h e Brazos
River .

F o u r m a r s h l a n d s l i e w i t h i n t h e v i c i n i t y o f t h e
SDS s i t e . One i s l o c a t e d 3000 f e e t east o f th e s i t e b o u n d a r y ;
two o th er s are 2.5 and 3 m i l e s to the s ou th; and the l a s t l i e s
about 2 . 7 m i l e s t o t h e west ( U S G S , 1961 a n d 1 9 7 9 ) . M a n y
s u r f a c e waters in th e area p r o v i d e h a b i t a t f o r water f o w l
d u r i n g the w i n t e r ^o^th.s. û ;,̂  e^en^ive^ d i s c u s s ion of na tura l
h a b i t a t ' - i s p r o v i d e d in C h a p t e r 7 .
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2.3.2 G r p u n d w a t e r Groundwater is an impor tan t
resource in the area, p r o v i d i n g most of the water to meet
W a l l e r C o u n t y • s needs. G r o u n d w a t e r usss inc lude i r r i g a t i o n ,
p u b l i c s u p p l y , i n d u s t r i a l , rural , dome s t i c a n d l i v e s t o c k .
I r r i g a t i o n o f rice f i e l d s and p a s t u r e , and water f o r l i v e s t o c k ,
are the p r i m a r y a g r i c u l t u r a l uses o f groundwat er s u p p l i e s .
I n d u s t r i a l uses i n c l u d e o i l and natural gas p r o d u c t i o n ( T e x a s
W a t e r D e v e l o p m e n t Board, 1 9 6 7 ) .

The J a s p e r and E v a n g e l i n e a q u i f e r s are the
p r i m a r y g r o u n d w a t e r resources in the region. Mos t water w e l l s
in the r eg ion are d r i l l e d into the E v a n g e l i n e a q u i f e r which
conta in s good q u a l i t y water. The J a s p e r a q u i f e r i s th e d e e p e s t
r e g i o n a l a q u i f e r beneath th e SDS s i te . Only a f ew l a r g e
c a p a c i t y w e l l s have been d r i l l e d into t h e J a s p e r f o r m a t i o n
w i t h i n a f o u r - m i l e radiu s of the s i t e and its h y d r o l o g y is not
f u l l y c h a r a c t e r i z e d . W a t e r q u a l i t y o f t h e J a s p e r a q u i f e r i s
f r e s h t o s a l i n e . T h e s a l i n i t y increases wi th d e p t h ( g e n e r a l l y
over 1000 f e e t ) .

L i m i t e d amounts o f groundwat er are w i t h d r a w n
f r o m t h e B u r k e v i l l e a q u i c l u d e a n d Brazos River a l l u v i u m . T h e
Brazos River a l l u v i u m varies s i g n i f i c a n t l y in water p r o d u c t i o n
d e p e n d i n g o n s i t e s p e c i f i c s t ra tum. T h e B u r k e v i l l e a q u i c l u d e
i s a c l a y f o r m a t i o n between the J a s p e r and E v a n g e l i n e a q u i f e r s
that contains th in sand l en s e s . T h e s e sand l ense s are used for
a f ew d o m e s t i c and i r r i g a t i o n w e l l s .
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The Brazos River a l l u v i u m i s t a p p e d for
a d d i t i o n a l i r r i g a t i o n water for rcw crops and pa s tur e s . T h e s e
w e l l s range in t o t a l d e p t h f r o m 75 f e e t to 80 f e e t ( T e x a s W a t e r
Deve l opmen t Board, 1 9 6 7 ) . A more extensive review of the
r eg iona l h y d r o g e o l o g y is p r o v i d e d in C h a p t e r 4.

2 . 3 , 3 S o i l - Much o f th e economic base o f W a l l e r
C o u n t y is a g r i c u l t u r e . F o o d and f i b e r p r o d u c t s as we l l as
l i v e s t o c k all d epend upon the soil resource of the area.
F i g u r e s 2-6 and 2-7 map the soil a s s o c i a t i o n s for W a l l e r and
W a s h i n g t o n C o u n t i e s , r e s p e c t i v e l y . W i t h i n a f o u r - m i l e radiu s
o f th e SDS s i t e are e ight soil a s s o c i a t i o n s — t h r e e in W a l l e r
C o u n t y and f i v e in W a s h i n g t o n County . Each a s s o c i a t i o n w i l l be
d i s c u s s e d b r i e f l y . S o i l series w i t h i n t h e S D S s i t e boundar i e s
are d e s c r i b e d more f u l l y in C h a p t e r 4.

S o i l f o u n d i n bo t t om l a n d s a n d f l o o d p l a i n s
i n c l u d e the B r a z o r i a - N o r w o o d a s s o c i a t i o n which i n c l u d e s 55
percent B r a z o r i a , 15 percent N o r w o o d , and 30 percent minor soil
series . The Brazor ia soil series is a r edd i sh-brown c l a y to a
d e p t h of 80 inches . N e a r the river c h a n n e l , but h i g h e r in
e l e v a t i o n than the B r a z o r i a , i s th e N o r w o o d soil series. T h i s
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soil contains layers o f s i l t y clay loam, s i l t l oam, very f i n e
sandy l oam, and c l a y f r o m the s u r f a c e to a d e p t h of 72 inches .
T h e minor s o i l s i n c l u d e t h e C l e m v i l l e , O k l a r e d , S u m p f , a n d
N a h a t c h e series. S o i l s o f the Brazoria-Norwood as soc iat ion are
used f or c r o p s , e s p e c i a l l y corn, and p a s t u r e . P a s t u r e areas
have been improved with Bermudagrass (USDA, 1 9 8 4 ) .

T h e Brazor ia S o i l A s s o c i a t i o n l i e s across a n d
a l o n g th e Brazos River f r o m th e SDS s i t e in W a s h i n g t o n C o u n t y .
The S o i l Survey de scr ibe s the Brazoria a s s o c ia t i on as " d e e p ,
n e a r l y l e v e l , m o d e r a t e l y a l k a l i n e , c l a y e y s o i l s " ( U S D A , 1 9 8 1 ) .
T h i s a s s o c i a t i o n c o n s i s t s of 45 percent Brazoria soil and 55
percent minor s o i l s i n c l u d i n g A s a , Belk, C l e m v i l l e , K i o m a t i a ,
N o r w o o d , and O k l a r e d soil series. The Brazor ia soil i s a
ca l careou s c l a y to a d e p t h of 60 inches with s l o p e s of zero to
one p e r c e n t . S o i l uses i n c l u d e crops and p a s t u r e , w i t h a h i g h
p o t e n t i a l f o r good y i e l d s . P a s t u r e areas a r e e s p e c i a l l y s u i t e d
t o coas ta l Bermudagras s ( U S D A , 1 9 8 1 ) .

T h e f i n a l soi l a s s o c i a t i o n l o c a t e d i n b o t t o m
l a n d s i s the B o s q u e - T r i n i t y , de s cr ibed a s "d e ep , n e a r l y l e v e l ,
m o d e r a t e l y a l k a l i n e , l o a m y a n d c l a y e y soils" ( U S D A , 1 9 8 1 ) .
T h i s a s s o c i a t i o n c o n s i s t s o f 40 p er c en t Bosque, 40 percer.t
T r i n i t y , and 20 percent K a u f m a n soil series. The Bosque soil
s er i e s c o n t a i n s l a y e r s o f c l a y l o a m , and l o a m , t o a d e p t h o f 60
inches. T h e T r i n i t y so i l varies f r o m d a r k - g r a y c l a y t o very
dark-gray c l a y to a d e p t h of 80 inches. Both s o i l s are
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ca l car eou s throughout t h e p r o f i l e . S o i l uses i n c l u d e improved
pa s tur e and pecan produc t i on . Pasture is improved with
Bermudagrass a n d K l e i n g r a s s ( U S D A , 1 9 8 1 ) .

F i v e soil a s s o c i a t i o n s are f o u n d in u p l a n d
areas w i t h i n a f o u r - m i l e radiu s o f th e SDS s i t e . Two
p a r t i c u l a r to savannahs, are the T a b o r - T r e m o n a - c h a z o s and
K e n n e y - T a b o r - C h a z o s s o i l s a s soc iat ions . T h e T a b o r - T r e m o n a -
C h a z o s a s s o c i a t i o n i s l o c a t e d in W a l l e r C o u n t y , east and south
of the s i te. Described as "gen t ly s l o p i n g to s l o p i n g /
m o d e r a t e l y we l l dra ined and somewhat p o o r l y d r a i n e d , s andy and
l o a m y s o i l s " in the county soil survey, t h i s a s s o c i a t i o n
c o n s i s t s of 25 percent T a b o r , 18 percent T r e m o n a , 12 percent
chazo s , and 45 percent minor soil series (USDA, 1 9 8 4 ) .

T a b o r s o i l s are f o u n d on h i l l s i d e s and cons i s t
o f f i n e s a n d y l o a m to 15 inches in d e p t h , chang ing to c l a y f r o m
16 inches to 69 inches in d e p t h . Located on f o o t s l o p e s , the
T r e m o n a soil series i n c l u d e s l a y e r s o f l o a m y f i n e sand to 26
i n c h e s , 22 in che s o f c l a y , and 7 inches o f s andy c l a y . The
C h a z o s series is l o c a t e d on r idg e s and breaks. It conta in s two
l a y e r s of l oamy f i n e sand to a d e p t h of 15 inches , u n d e r l a i n
w i t h 4 0 inche s o f c l a y . M i n o r soil s erie s i n c l u d e A x t e l l ,
C r o c k e t t , L u f k i n , R a d a r , S t y x , a n d S t r a b e r ,

N a t i v e v e g e t a t i o n o f t h e T a b o r - T r e m o n a - C h a z o s
a s s o c i a t i o n i n c l u d e s t a l l gra s s e s a n d s ca t t er ed h a r d w o o d s .
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P r e s e n t l y , the area is usei m a i n l y for p a s t u r e and range*
"Some areas are cropped to corn, cot ton, f o r a g e sorghum, grain
s o rghum, s m a l l g r a i n s , a n d truck crops" ( U S D A , 1 9 8 4 ) .

T h e K e n n e y - T a b o r - C h a z o s a s s o c ia t i on i n W a l l e r
County cons i s t s o f s l o p i n g , we l l t o moderat e ly wel l dra ined ,
s a n d y and l oamy s o i l s . T h i s a s s o c i a t i o n conta in s 31 percent
Kenney s o i l s , 15 percent T a b o r , 8 percent C h a z o s , and 46
percent minor so i l series. K e n n e y s o i l s are f o u n d on r i d g e s
and s i d e s l o p e s , and cons i s t o f two l a y e r s o f l oamy f i n e sand
to a d e p t h of 62 inches under la in with 18 inches of sandy c lay
l o a m . The T a b o r and C h a z o s soil series are d e s c r i b e d above.
M i n o r soil series w i t h i n t h i s a s s o c i a t i o n i n c l u d e A x t e i l ,
M o n a v i l 1 e , N a h a t c h e , Roda, S t y x , a n d Tremona .

T a l l b l u e s t e m , I n d i a n g r a s s , s hrub s , a n d
s c a t t e r e d oak are the dominant native v e g e t a t i o n . The
K e n n e y - T a b o r - c h a z o s so i l a s s o c i a t i o n i s used m a i n l y f o r p a s t u r e
and c rop s . P a s t u r e areas are p l a n t e d in c oa s ta l B e r m u d a g r a s s
and Bahiagras s w h i l e wa t e rme lon s , truck c r o p s , p e a n u t s , and
corn are the m a j o r c rop s grown. G r a z i n g is carried out in
wooded areas ( U S D A , 1 9 8 4 ) .

I n W a s h i n g t o n C o u n t y , three u p l a n d s o i l
a s s o c i a t i o n s a r e f o u n d w i t h i n t h e f o u r - m i l e r a d i u s o f t h e S D S
s i t e . The C a r b e n g l e - K l u m p a s soc iat ion is de s cr ibed as
" m o d e r a t e l y d e e p a n d d e e p , g e n t l y s l o p i n g a n d s l o p i n g , s l i g h t l y
acid t o m o d e r a t e l y a l k a l i n e , loamy and sandy so i l s" (USDA,
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1 9 8 1 ) . S l o p e s range f r o m o n e t o e igh t p er c en t . T h i r t y percent
of the a s s o c i a t i o n i s C a r b e n g l e series, 25 percent K l u m p , and
45 perc ent minor s o i l s such as Bosgue, Brenham, Cuero ,
F r e l s b u r g , K n o l l e , a n d Renish.

The C a r b e n g l e soil series contains 34 inches
of c a l c a r e o u s c l a y l oam u n d e r l a i n wi th grea t er than 34 inches
o f s a n d s t o n e . T h e K l u m p soil c ons i s t s o f three l a y e r s : i ) a
l o a m y sand to 13 inche s; 2) sandy c l a y l oam f r o m 13 to 50
i n c h e s ; and 3) s a n d y loam b e l o w 50 inches. T h e s e l a y e r s range
in pH f r o m s l i g h t l y t o s t r o n g l y ac id . The area i s c u l t i v a t e d
in na t iv e and improved gra s s e s , and is s u i t ed to B e r m u d a g r a s s ,
K l e i n g r a s s , and B a h i a g r a s s . T h i s soil a s s o c i a t i o n ha s a m e d i u m
crop p o t e n t i a l .

T h e F r e l s b u r g - L a t i u m so i l a s s o c i a t i o n c o n s i s t s
o f m o d e r a t e l y a l k a l i n e , c a l c a r e o u s , c l a y s o i l s . S l o p e s range
f r o m 1 to 12 p e r c e n t . The a s s o c i a t i o n con ta in s 35 percent
F r e l s b u r g s o i l , 35 perc ent L a t u i m , and 30 percent minor s o i l s
i n c l u d i n g B l e i b l e r v i l l e , Brenham, a n d T r i n i t y . Both t h e
F r e l s b u r g and L a t u i m s er i e s are c l a y t h r o u g h o u t th e soil
p r o f i l e . M o s t o f th e s e s o i l s ar e c u l t i v a t e d in i m p r o v e d and
n a t i v e p a s t u r e w i t h s p e c i e s p r e v i o u s l y m e n t i o n e d .

T h e f i n a l so i l a s s o c i a t i o n w i t h i n a f o u r - m i l e
r a d i u s o f t h e S D S s i t e i s t h e C h a z o s - T r e m o n a - C r o c k e t t . T h i s
a s s o c i a t i o n c o n t a i n s d e e p , s l o p i n g , m e d i u m a c i d , s a n d y a n d
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l oamy s o i l s . S l o p e s range f r o m 1 t o 8 p er c en t . The C h a z o s
series makes up 25 percent of the s o i l s , T r e m o n a 15 p e r c e n t ,
Crock e t t 15 p e r c e n t , and minor s o i l s 45 percent . C h a z o s and
T r e m o n a soil series were described p r e v i o u s l y . Crocke t t s o i l s
consi s t o f f i n e s andy loam to a d e p t h o f 7 inche s , u n d e r l a i n
with a c l a y e y subsoil to 60 inches in d e p t h . M i n o r soil series
i n t h i s a s s o c i a t i o n i n c l u d e A x t e l l , P a d i n a , s i l a w a , a n d T a b o r .
The area i s used for improved p a s t u r e and r a n g e l a n d , w h i l e
s m a l l areas are c u l t i v a t e d in truck crops .

2.3.4 Other Resources - Other natural resources of
i m p o r t a n c e to the area are sand and g r a v e l , and oil and natural
gas . A few sand and gravel p i t s are l o c a t e d near the Brazos
River. The c lo s e s t mining of these m a t e r i a l s to the SDS s i te
i s l o c a t e s a p p r o x i m a t e l y f o u r m i l e s e a s t , a s i n d i c a t e d in
F i g u r e 2-8.

Oil and gas p r o d u c t i o n is l i m i t e d in
northwes t ern W a l l e r County and eastern W a s h i n g t o n County. More
e x t e n s i v e f i e l d s wi th h i g h e r annual p r o d u c t i o n ar e l o c a t e d in
southern W a l l e r County near K a t y , T e x a s . A p p r o x i m a t e l y 3000
f e e t west o f t h e SDS p r o p e r t y b o u n d a r y ar e two na tura l ga s
p r o d u c t i o n w e l l s .

o

2.4 C l i m a t o l o g y - The c l i m a t e o f the S h e r i d a n D i s p o s a l
S e r v i c e s s i t e i s g e n e r a l l y m a r i t i m e , c h a r a c t e r i z e d by hot
summers and cool winters with f a i r l y u n i f o r m p r e c i p i t a t i o n

2 - 2 5
RESOURCE ENGINEERING



r--

A - G R A V E L P I T S
B • N A T U R A L G A S W E L L S

S C A L E ( M I L E S )

--^—- — -» Hw0q
W W M H e i A l

F I G U R E 2 - ?
A R E A R E S O U R C E S

J H E R I O A N D I S P O S A L S E R V I C E
f : ~ ^ — — —



throughout the year. During the winter, occasional surges of
p o l a r air cause in a d r o p of n o r m a l l y m i l d t e m p e r a t u r e s .
P r e c i p i t a t i o n " i s u n i f o r m l y d i s t r i b u t e d throughout the year,"
with p eak r a i n f a l l occuring i n t h e s p r i n g a n d autumn ( U S D A ,
1 9 8 4 ) . S n o w f a l l s are rare in the area.

T e m p e r a t u r e s in the winter average 55 d e g r e e s F with
an average d a i l y minimum of 44 d e g r e e s F. During the summer
month s , the average t empera ture is 83 degrees F with an average
d a i l y maximum r ea ch ing a p p r o x i m a t e l y 9 5 d egr e e s F ( U S D A ,
1 9 8 4 ) . T e m p e r a t u r e s of more than 100 d egr e e s F have been
recorded f o r t h e months o f J u n e t hrough S e p t e m b e r ( N O A A ,
1 9 8 2 ) . F i g u r e 2-9 shows the m o n t h l y range o f average
t e m p e r a t u r e s and record h i g h s and lows .

R e l a t i v e h u m i d i t y for the area averages about 60
percent by m i d - a f t e r n o o n and increases during the night to
reach a maximum of 90 percent at dawn. The p r e v a i l i n g wind
d i r e c t i o n i s f r o m the s o u t h - s o u t h e a s t , a v e r a g i n g about 9 m i l e s
p er hour (USDA, 1 9 8 4 ) . A wind rose i s p r o v i d e d in F i g u r e
2-10. M e t e r o l o g i c a l d a t a i s taken f r o m th e c l o s e s t a v a i l a b l e
l o c a t i o n s and i s r e p r e s e n t a t i v e o f r eg i ona l c o n d i t i o n s .

T o t a l p r e c i p i t a t i o n average s a p p r o x i m a t e l y 4 0 inches
per year with m o n t h l y averages ranging f r o m 2.08 inches to 4.75
inches . T h e w e t t e s t months a r e F e b r u a r y , A p r i l , M a y , J u n e ,
S e p t e m b e r , October , and December, a s i l l u s t r a t e d in F i g u r e
2-11. T h u n d e r s t o r m s are common d u r i n g the suinmer; o c c a s i o n a l l y
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v i o l en t weather, such as t ornadoe s and severe thunder s t o rms
occur. T h e r e i s adequate annual p r e c i p i t a t i o n for c o t t o n ,
small gra in s , and f e e d grain produc t i on in the area (USDA,
1 9 8 4 ) .

N e t p r e c i p i t a t i o n a l l o w i n g f o r e v a p o r a t i o n f o r t h e
area is a p p r o x i m a t e l y -15 inches per year, c a l c u l a t e d f r o m
average annual r a i n f a l l and average evaporat ion rates (USDA,
1 9 8 4 ; T W D B , 1 9 7 5 ) . R a i n f a l l u s u a l l y e x c e ed s e v a p o r a t i o n i n t h e
winter months as shown by the bar g r a p h in F i g u r e 2-10.
C l i m a t i c e f f e c t s on s u r f a c e water r u n o f f and s torage w i l l be
d i s c u s s e d in f u r t h e r d e t a i l in C h a p t e r 5 .
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R e f e r e n c e s - C h a p t e r 2
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3 . 0 H A Z A R D O U S S U B S T A N C E S I N V E S T I G A T I O N
S h e r i d a n D i s p o s a l S e r v i c e s ( S D S ) opera t ed a commercial

i n d u s t r i a l waste d i s p o s a l f a c i l i t y f o r a p p r o x i m a t e l y 2 5 years
b e g i n n i n g i n t h e l a t e 1950s. T h e f a c i l i t y ' s o p e r a t i o n s
i n c l u d e d open p i t b u r n i n g , s u r f a c e i m p o u n d m e n t d i s p o s a l , l and
i r r i g a t i o n / e v a p o r a t i o n treatment o f impoundment w a s t e w a t e r s and
i n c i n e r a t i o n / e v a p o r a t i o n o f l i q u i d was t e s and impoundment
w a s t e w a t e r s .

S D S a c c e p t e d wide range o f was t e s f r o m a broad
c r o s s - s e c t i o n o f G u l f Coa s t i n d u s t r i e s . S o u r c e s o f records o n
was t e t y p e s a n d v o l u m e s g e n e r a l l y i n c l u d e : S D S o p e r a t i n g
r e p o r t s t o t h e s t a t e r e g u l a t o r y agenc i e s and s h i p p i n g m a n i f e s t
re cord s . A survey of the a v a i l a b l e records i n d i c a t e s 217
g e n e r a t o r s have c o n t r i b u t e d was t e to the s i t e , and 43
t r a n s p o r t e r s s h i p p e d t h e wa s t e s .

T a b l e 3 - 1 l i s t s o f g enera l wa s t e d e s c r i p t i o n s f o u n d i n
m a n i f e s t s and o ther re cords . T h e s e d e s c r i p t i o n s show tha t a
w i d e range o f p e t r o c h e m i c a l and genera l i n d u s t r i a l w a s t e s were
d i s p o s e d of at the s i t e . F r o m a v a i l a b l e records i t i s
e s t i m a t e d that the t o t a l amount of was t e s received by the
S h e r i d a n D i s p o s a l S e r v i c e s s i t e e x c e ed s 8 5 m i l l i o n g a l l o n s .

T h e m a j o r wa s t e management areas were t h e p o n d
i m p o u n d m e n t , pond l e v e e s , p ro c e s s e q u i p m e n t on the pond l evee s
and th e e v a p o r a t i o n s y s t e m . F i g u r e 3-1, a s i t e p l o t p l a n ,
i l l u s t r a t e s t h e l o c a t i o n s o f the se areas. T h e r e s u l t s f r o m
r e m e d i a l i n v e s t i g a t i o n s of the volumes and waste
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A l c o h o l , organic phosphorus compounds,cobalt
Alkyl Benzenes
Ammonia Bromate, Water

Table 3-1
Hanife s t Descriptions ol f f a s t a Types

Kerosene & Grease

Kitchen Grease & Water
Methacrylate

Barge, RR Tank Car Washings, INK Washings, ttolasses & Water& Misc, Chemicals
Benzene, Ethers, Methyl chloride
BS&W Oils
Butyl Acrylate s

Calcium Arsenate
Caustic and latex Polymer
Copper Chlor ide Powder Catal^-st
Diethylene G l y c o l , Resin, w / T o l u e n e
D r i l l i n g Muds
Drum Washing Residue
F a t t y Acid Esters
F a t t y Alcoho l s
F i l t e r cake Residue
F u r f u r a l , Butadiene Copolywer
Glyco l S t i l l Bottoms
Herbicides
Hydraul i c Oils
Insecticides

Oily Wastewater
Organic Pond Wastewater
Organic S l u d g e , Skimming, Keroseneand Mineral S p i r i t s
Hienol Formaldehyde
Pickling Acid
Polyethylene, Diatoamaceous Earth
Process Wastewater
S o a p
Sodium
Sodium Hydroxide
Sour Crude oil
Spent Oilorinated Solvents
Spent Newspaper Inks and Solvents
Styrene & Ethylbenzene Bottoms
Styrene Monomer w/Diesel
Vegetable Oils
Waste Qiemicals
Water & Oil
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c h a r a c t e r i s t i c s in these areas are d i s cu s s ed in the f o l l o w i n g
section.

3.1 W a s t e C h a r a c t e r i s t i c s
3 • 1 • 2, Pond impoundment - The pond i m p o u n d m e n t was

the o r i g i n a l waste management area at the S h e r i d a n D i s p o s a l
S e r v i c e s s i t e . The o r i g i n a l waste d i s p o s a l p r a c t i c e a t th e
s i t e involved open burning of wastes and d i s p o s a l of any
r e s i d u e in a s m a l l , na tura l d e p r e s s i o n on the S h e r i d a n
p r o p e r t y . A s t h e v o l u m e o f was t e s i n c r e a s e d , s u r r o u n d i n g s o i l s
and combus t i on ash were used to construct a d i k e around the
p o n d . The pond water s u r f a c e area has ranged f r o m 12 to 22
acres d e p e n d i n g upon the water l ev e l and the time p e r i o d .

S D S began i n i t i a l c lo sure a c t i on s i n 1 9 7 9 ,
A p p r o x i m a t e l y f i v e acres o f the pond in the north s e c t i on were
covered wi th construct ion debr i s and dike mat er ia l . An
a d d i t i o n a l two acres o f th e s o u t h e a s t e r n p o r t i o n o f th e pond
were a l s o c a p p e d u t i l i z i n g was t e f i l l a n d on-si te s o i l s . T h e
pond was t e s have s t r a t i f i e d into three l a y e r s : s l u d g e ,
c o n t a m i n a t e d s t o r m w a t e r , and a f l o a t i n g hydrocarbon l a y e r .

The pond conta ins a p p r o x i m a t e l y 105,000 cubic
y a r d s o f s l u d g e s ; they consi s t o f a p p r o x i m a t e l y 50% by we igh t
water and v o l a t i l e o r g a n i c s , 30% n o n v o l a t i l e o r g a n i c s , and 20%
i n o r g a n i c m a t e r i a l s . S e e A p p e n d i x 3 E f o r c a l c u l a t i o n s . T h i s
i n c l u d e s s l u d g e which has s e eped into the pond levee or has
been covered by closure a c t i v i t i e s . Surveys conducted by
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Resource E n g i n e e r i n g in March and May of 1984 ( r e f e r to F i g u r e
3 - 2 ) and the T e x a s D e p a r t m e n t of W a t e r Resources in S e p t e m b e r
1984 i n d i c a t e d that pond s l u d g e d e p t h ranged f r o m 4 " t o 3 ' 6 "
a n d averaged 2 ' . S l u d g e d e p t h s i n t h e levee ranged f r o m 4 • t o. 1 • . '
6 ' based on b o r i n g s c onduc t ed by REI in A p r i l o f 1984. An
average s l u d g e d e p t h o f 3 ' w a s assumed b y v o l u m e t r i c a l l y
a v e r a g i n g the pond and levee s l u d g e d e p t h s .

A s s u m i n g 3 f e e t of contaminant migra t i on into
the s ub s o i l s , there is a p o t e n t i a l for an a d d i t i o n a l 60 ,000
cubic yard s o f c o n t a m i n a t e d s u b s o i l s b eneath the pond s l u d g e .
T h i s is an a s s u m p t i o n based on the extent of o rgan i c and
m e t a l l i c s p e c i e s m i g r a t i o n in t h e e v a p o r a t i v e sys t em s o i l s
The EPA has recommended that a conservat ive e s t i m a t e in excess
of three f e e t be used in d e v e l o p i n g remedial op t i on s . A conser-
vative e s t imate of 10 f e e t of contaminated sub so i l s is
equ ival ent to a p p r o x i m a t e l y 200,000 cubic yards o f c on tamina t ed
s o i l s . S u p p l e m e n t a l r emed ia l i n v e s t i g a t i o n s w i l l p r o v i d e
a d d i t i o n a l i n f o r m a t i o n on the extent o f c o n t a m i n a t e d s u b s o i l s .

S a m p l i n g and a n a l y s i s o f t h e s l u d g e ha s been
conduc t ed b y t h e T e x a s H a t e r C o m m i s s i o n ' s p r e d e c e s s o r s , a n E P A
F i e l d I n v e s t i g a t i o n T e a m , a n d b y Resource E n g i n e e r i n g , I n c .
Resource E n g i n e e r i n g obtained pond s l u d g e s s a m p l e s in March and
M a y , 1984. F i g u r e 3-2 shows d e p t h of pond s l u d g e and the loca-
t ions o f these s a m p l e po in t s . A l l s l u d g e s a m p l e s r epre s en t
c o m p o s i t e s o f the entire s l u d g e layer through to the u n d e r l y i n g
s o i l s .
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T a b l e 3-2 is a summary of a v a i l a b l e inorganic
a n a l y s i s d a t a on the s l u d g e . The d a t a spans a p er iod f r o m 1973
through 1984. T h e s e d a t a ar e p r e s e n t e d f o r h i s t o r i c a l p u r p o s e s
and should not be cons idered d i r e c t l y c o m p a r a b l e . Data
c ompar i s on s must consider t^e d i f f e r e n c e s in a n a l y t i c a l
t e chn ique s , s a m p l i n g p r o c e d u r e s , p r e s e r v a t i o n t e chn ique s ,
d e t e c t i o n l i m i t s , a n d q u a l i t y assurance pro c edur e s u t i l i z e d
over the 12-year p e r i o d .

Q u a l i t y a s s u r a n c e / q u a l i t y control documenta-
t ion i s a v a i l a b l e on ly for the May, 1984 Resource E n g i n e e r i n g ,
I n c . a n d J u l y , 1983 E P A F i e l d I n v e s t i g a t i v e T e a m ( F I T )
a n a l y s e s . A n a l y t i c a l r e s u l t s f r o m t h e M a y , 1973 s a m p l i n g
c o n d u c t e d b y t h e T e x a s W a t e r Q u a l i t y Board ( T W Q B ) i s c o n s i d e r e d
q u a l i t a t i v e o n l y du e t o a l a c k o f Q A / Q C d a t a . The M a r c h , 1976
TWQB d a t a i s considered s emi-quant i ta t ive since Q A / Q C
d o c u m e n t a t i o n i s no t a v a i l a b l e . The e a r l i e r s a m p l e s o b t a i n e d
by th e TWQB were ob ta ined b e f o r e c omprehen s iv e EPA p r o t o c o l s
e x i s t e d f o r both s a m p l i n g and a n a l y s i s p r o c e d u r e s . in
a d d i t i o n , i n f o r m a t i o n o n c h a i n - o f - c u s t o d y p r o c e d u r e s , s a m p l e s
pr e s e rva t i on , and laboratory a n a l y t i c a l Q A / Q C da ta is not
a v a i l a b l e . C o m p l e t e l a b o r a t o r y Q A / Q C d a t a o n s p i k e recovery,
d u p l i c a t e a n a l y s i s , b l a n k r e s u l t s , a n d equ ipmen t c a l i b r a t i o n i s
not a v a i l a b l e for any d a t a p r i o r to 1984.
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The m a j o r , t o x i c , heavy m e t a l s o f concern are
z inc , chromium, n i c k e l , and l e a d . The m a j o r inorganic s are
s a l t s o f c a l c i u m , a luminum, s od ium, magnes ium, and p o s s i b l y
barium and iron. I n c o n s i s t e n c i e s in c ompar ing TWQB, EPA and
Resource E n g i n e e r i n g , I n c . d a t a are b e l i ev ed to be due
p r i m a r i l y to the h e t erogeneou s nature of the s l u d g e and
d i f f e r i n g a n a l y t i c a l test pro c edure s . T h e most recent d a t a a r e
b e l i e v e d t o p r o v i d e th e most r e l i a b l e s l u d g e c h a r a c t e r i z a t i o n .

T h e r e s u l t s o f a n X - r a y d i f f r a c t i o n a n a l y s i s
of the p o n d s l u d g e are p r e s e n t e d in T a b l e 3-3. Q u a r t z and
c r i s t o b a l i t e , f e l d s p a r , i l l i t e a n d k a o l i n i t e a r e a l l common
f o i l m i n e r a l s . T h e barium s u l f a t e a n d c a l c i u m s u l f a t e h y d r a t e
are s a l t s which were p r o b a b l y i n t r o d u c e d w i th the was t e s rather
than present as the n a t u r a l , mineral f o r m s of barite or
g y p s u m . It i s i m p o r t a n t t o note t h e pre s enc e o f k a o l i n i t e c l a y
m i n e r a l s i n t h e s l u d g e , since they a f f e c t heavy meta l m i g r a t i o n
as d i s c u s s e d in S e c t i o n 3 .2.1.

A d d i t i o n a l l y , t h e Resource E n g i n e e r i n g , I n c .
s l u d g e s a m p l e s o f M a r c h , 1984 were a n a l y z e d b y d r y i n g a t 1 0 5 ° C
a n d a s h i n g a t 5 5 0 ° C t o o b ta in a q u a l i t a t i v e i n d i c a t i o n o f water
and v o l a t i l e o r g a n i c s , n o n v o l a t i l e o rgani c s and i n o r g a n i c
c o n s t i t u e n t s . T a b l e 3 - 4 p r e s e n t s the se r e s u l t s .

A s i n d i c a t e d , t h e s l u d g e s conta in
a p p r o x i m a t e l y 50% by weight water and v o l a t i l e organic s with

O
O
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the "dry weight" c o m p o s i t i o n of the s l u d g e s c o n s i s t i n g of 60%
organi c and 40% inorganic m a t e r i a l s .

C o m p o s i t e s o f each s e t o f s l u d g e s a m p l e s
ob ta ined by Resource E n g i n e e r i n g , I n c . in March and May, 1984
were a n a l y z e d b y G a s C h r o m a t o c j r a p h y / M a s s S p e c t r o m e t r y ( G C / M S )
f o r o r g a n i c p r i o r i t y p o l l u t a n t c o m p o u n d s . T h e r e s u l t s a r e
p r e s e n t e d in T a b l e 3-5. The m a j o r c o m p o u n d s d e t e c t e d were:

V o l a t i l e A r o m a t i c s t o l u e n e , e t h y l b e n z e n e , a n d
b e n z e n e ;

• V o l a t i l e C h l o r i n a t e d S o l v e n t s - t e t r a c h l o r o e t h y l e n e ,
1 , 1 , 1 t r i c h l o r o e t h a n e , a n d t r i c h o r o e t h y l e n e ;

• P h e n o l s - p h e n o l ; 2 , 4 , d i m e t h y l p h e n o l ;
• P o l y n u c l e a r A r o m a t i c H y d r o c a r b o n s - i s o p h o r o n e ,

n a p h t h a l e n e , f l u o r e n e , p h e n a n t h r e n e and an thrac ene; and
• P o l y c h l o r i n a t e d B i p h e n y l s - i somers A r o c l o r 1242 and

A r o c l o r 1260 .
Other o rgan i c c o m p o u n d s d e t e c t e d i n c l u d e d 03

a n d C 2 a l k y l - p h e n o l s , aromat i c h y d r o c a r b o n s , b i p h e n y l , a r o m a t i c
k e t o n e s , a l k y l b enzene s and a r o m a t i c e thers.

The v o l a t i l e aromat i c s are the Best
s i g n i f i c a n t c l a s s o f p r i o r i t y p o l l u t a n t s pre s en t since th e i r
c o n c e n t r a t i o n s average an order of m a g n i t u d e greater than any
other p r i o r i t y p o l l u t a n t s . V o l a t i l e aromat i c s r epre s en t
a p p r o x i m a t e l y 5% by we igh t o f the pond s l u d g e c o m p o s i t i o n .
S l u d g e s a m p l e s f r o m M a r c h , 1984 were f u r t h e r a n a l y z e d by

oo
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T f c b l e 3-5
Pcnd S l u d g e Priority Itol lutant GC/MS Analysis

Fesource Engineering, Inc.Data March, 1984Gonposite of IB 2 , 3 , 5 , 7 , 8
Resource Engineering, Inc.Data May, 1984Oonposite of pi-ps

Vola t i l e Fraction Qatrpounds;Benzene 4801,2-Dichloro prcpyleneEthylbenzene 740Methylene chlorideTetrachloroethylene 60Toluene 17501,1,1 T t ' i c h l o r o e t h a n eTrichloroethylene 100
Acid Fraction Confounds2,4-Dimethyl phenol 5804-NitrophenolRienol 1150
Base/Neutral Fraction Qampounds:^jithraceneBsnzo(a)pyreneBenzo (b) f luoroantheneBenzo (k) f luoranthenebi s<2-Ethylhexyl)phthalateFluoreneIsophoroneNaphthalene 410
Ruenanthrene
Besticide/PCS Fraction Ocmpounds:

PC&-Aroclor 1242 143
PCB-Arcclor 1260 44

>2,500
EMDL <250>8,480
H5DL <250

251>36,600
EMDL <250
EMDL <250

224EMDL <83.31,340

33
BMDL <32.0
BEL <32.0
EKDL <32,0
BMDL <32.0

55.9
99.8

92
42.8

219
KD

- Not quantifiedEKDL - Tentat ive ly id en t i f i ed at concentrations below laathod detection limits.ND - Not detected
Note: All sludge savnples represent composites of the entire sludge layerthrough to the underlying clay soil.
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Resource E n g i n e e r i n g , I n c . in A p r i l , 1984 t o b e t t er d e f i n e PCB
t y p e s and l e v e l s . The r e s u l t s o f a n a l y s i s by Gas
C h r o m a t o g r a p h y / E l e c t r o n C a p t u r e t echniques f o r P C B s i s
p r e s e n t e d in T a b l e 3-6.

T a b l e 3-6
Pond S l u d g e PCB Content (March 1 9 6 4 )

S a m p l e N o .
2
3
57
8

P C BA r o c l o r 1242( i n g / k g )
13281
123

73
154
143

P C BA r o c l o r 1260( m g / k q )
0

56
35
76
69
44

T o t a lP C B sm g / k g
132
137
158
149
223
187C o m p o s i t e

T o t a l PCB l e v e l s ranged f r o m 132 to 223 in the
s l u d g e s a m p l e s a s shown in T a b l e 3-6. Other s a m p l e s ranged
f r o m b e l o w d e t e c t i o n l i m i t s t o 1 3 2 B i g / k g .

S a m p l e s o f pond s l u d g e were a l s o a n a l y z e d f o r
h a z a r d o u s c h a r a c t e r i s t i c s under th e t e chn i ca l s t a n d a r d s o f
R C R A . The r e s u l t s are pr e s en t ed in T a b l e 3-7. Based on the
h a z a r d o u s c h a r a c t e r i s t i c s test r e s u l t s , th e s l u d g e , in i t s
p r e s e n t f o r m , would not be c l a s s i f i e d as a RCRA h a z a r d o u s waste .

3 .1 .2 Pond Levee - The levee or d i k e around the pond
has a s u r f a c e area of a p p r o x i m a t e l y 17 acres i n c l u d i n g p o r t i o n s
of the pond which have been p r e v i o u s l y covered. The levee was
con s t ruc t ed f r o m surrounding s i te s o i l s ( p r e d o m i n a n t l y c l a y and

oo
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c layey s o i l s ) s l u d g e , and ash residue f r o m the incineration
p r o c e s s ) . The e l evat ion at the top of the levee varies f r o m
176.5 to 185 f e e t above mean sea level .

The treatment proces se s at the SDS site are
located on the top of the levee. The treatment units inc luded
a receiving p o n d , an incinerator/ evaporator, a bo i l er , and a
bat t ery of 9 storage tanks. The storage tanks were used for
separation and treatment of o i l / w a t e r emulsions and storage of
s o lvent s and f u e l o i l s . A c c o r d i n g to an as-built site p l a n
p r e p a r e d b y O ' M a l l e y a n d C l a y I n c . ( S e p t e m b e r 1 2 , 1 9 7 2 ) f o r
SDS, the tanks vary in size f r o m 500 to 1000 barrel s . The
tanks p r e s e n t l y contain f r o m 3 to 7 cubic yards each of bo t t om
s l u d g e s which a p p e a r to have charac t er i s t i c s s i m i l a r to the
pond s l u d g e based on observations of the tank s l u d g e s and
d i s c u s s i o n s with Mr. S h e r i d a n . A compos i t e s a m p l e w i l l be
t e s t ed d u r i n g p r e p a r a t i o n o f t h e f e a s i b i l i t y s tudy.

Part ia l closure act ions in i t ia t ed by SDS have
r e s u l t e d in p o r t i o n s of the pond being covered with m a t e r i a l s
such as cons truc t ion debri s and s o i l s that are d i f f e r e n t in
c o m p o s i t i o n f r o m the remainder of the levee. The levee may
contain ash combust ion res idues as wel l as steel drums.
A d d i t i o n a l levee soil s a m p l i n g w i l l f u r t h e r d e f i n e
c on tamina t i on l e v e l s .

In Hay , 1984 Resource Eng ine e r ing , Inc .
eva lua t ed the s t a b i l i t y o f the e x i s t i n g levee system. A p p e n d i x
5D contains the r e su l t s of that evaluat ion based upon cone

3 - 1 5
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penetrometer tes t s and so i l s analys i s . Q u a n t i f i c a t i o n of the
s l o p e s t a b i l i t y i s d i f f i c u l t t o e s t i m a t e due t o th e var i e ty o f
m a t e r i a l s in the levee and the lack of d o c u m e n t a t i o n on the
c o n s t r u c t i o n techniques . H o w e v e r , recent s l o p e s t a b i l i t y
c o m p u t e r a n a l y s i s i n d i c a t e s adequate margin s o f s a f e t y exi s t
due to recent remedial a c t i on s which s t r eng thened the levee
sy s t em. R e s u l t s o f c o m p u t a t i o n s u s ing t h e S i m p l i f i e d B i s h o p
S l o p e S t a b i l i t y A n a l y s i s method a r e p r e s e n t e d i n A p p e n d i x 5 D
and d i s c u s s e d f u r t h e r in C h a p t e r 5.

3 * 1 . 3 E v a p o r a t i o n S y s t e m - T h e e v a p o r a t i o n sy s t em
was d e v e l o p e d as an on-si te management method for excess pond
e t o rmwat er a c c u m u l a t i o n . I n M a r c h , 1 9 7 5 , t h e T e x a s W a t e r
Q u a l i t y Board ( T W Q B ) , a predece s sor o f t h e T e x a s W a t e r
C o m m i s s i o n ( T K C ) , i n i t i a t e d s t u d i e s o f t h e p o t e n t i a l f o r
b i o d e g r a d a t i o n o f th e i m p o u n d e d was t ewater . Batch t e s t s
i n d i c a t e d 30% of the COD was b i o d e g r a d a b l e w i th in 48 hours
a f t e r e x p o s u r e t o a c t i v a t e d s l u d g e f r o m a n i n d u s t r i a l
w a s t e w a t e r t r ea tmen t p l a n t . C h e m i c a l Oxygen Demand ( C O D ) i s a
general i n d i c a t o r p a r a m e t e r which i s p r o p o r t i o n a l to the t o t a l
p r i o r i t y p o l l u t a n t organi c s in s o l u t i o n . The use of COD as an
i n d i c a t o r p a r a m e t e r in environmental e n g i n e e r i n g was t ewa t er
t r e a t a b i l i t y s t u d i e s i s a c c e p t e d p r a c t i c e ( H e t c a l f & E d d y ,
1 9 7 9 ) . COD d e g r a d a t i o n rates are d i r e c t l y r e l a t e d t o
d e g r a d a t i o n rates of the organic c ompounds of concern. Based
upon the apparen t b i o d e g r a d a b i l i t y of the wastewater, the TWQB
d e v e l o p e d p ermi t r e s t r i c t i o n s which required SDS to f o l l o w a
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f o r m a l o p e r a t i n g procedure and s ch edu l e f or d e w a t e r i n g tha
p o n d . The pond was t ewater was to be treated through approved
" land i r r i g a t i o n methods" u s ing the a d j a c e n t f a r m l a n d owned by
M r . S h e r i d a n .

F r o m October through December, 1 9 7 5 ,
a p p r o x i m a t e l y 100,000 g a l l o n s o f pond was t ewater were a p p l i e d
to a 3-acre test p l o t to d e t e rmine the f e a s i b i l i t y of "land
i r r i g a t i o n " a s a d i s p o s a l method f or pond was t ewater . The
p i l o t s t u d y w a s c onduc t ed w i t h t h e c lo se c o o p e r a t i o n o f T W Q B
p e r s o n n e l . A c c o r d i n g t o a n i n t e r o f f i c e T W Q B memorandum d a t e d
F e b r u a r y 5, 1 9 7 6 , the test r e s u l t s i n d i c a t e d an adverse i m p a c t
upon v e g e t a t i o n . T h i s wa s e x p l a i n e d by TWQB p e r s o n n e l a s
r e s u l t i n g f r o m e l e v a t e d c o n c e n t r a t i o n s o f inorgani c s a l t s i n
t h e s o i l , p a r t i c u l a r l y c h l o r i d e s . T h e T W Q B c o n c l u d e d "land
i r r i g a t i o n " wa s an e f f e c t i v e t r ea tment method f or pond
stormwater ac cumula t i on s .

SDS began o p e r a t i n g the e v a p o r a t i o n sy s t em on
May 17, 1976. The s y s t e m was r e f e r r e d to as an " e v a p o r a t i o n /
r a p i d i n f i l t r a t i o n method c f f l o o d irrigation". F r o m 1976
t h r o u g h 1 9 6 4 , more than 40 m i l l i o n g a l l o n s o f was t ewater were
r e p o r t e d l y t r a n s f e r r e d f r o m th e pond t o t h e e v a p o r a t i o n sy s t em.

T a b l e 3-8 pr e s en t s a summary of a v a i l a b l e pond
was t ewa t e r a n d soil l e a c h a t e a n a l y t i c a l d a t a f r o m t h e f i l e s c f
t h e TWQB and TDWR. The d a t a i n d i c a t e that t h e pond wastewater
was m o d e r a t e l y a c i d i c , with elevated concentrations of
d i s s o l v e d inorgani c s a l t s , some heavy m e t a l s , and organic s .

O
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The TDWR did no t make a d e t a i l e d a n a l y s i s o f s p e c i f i c organic
c o n s t i t u e n t s .

The a d d i t i o n a l d a t a in T a b l e 3-8 are f r o m
l a b o r a t o r y soil l e a cha t e t e s t i n g o f the test p l o t and
e v a p o r a t i o n sy s t em areas c o l l e c t e d b y T D W R , T h e pro c edure s f o r
o b t a i n i n g soil s a m p l e s and c o n d u c t i n g l e a c h a t e t e s t s were not
s t a n d a r d i z e d and the a n a l y t i c a l r e s u l t s may not be d i r e c t l y
c o m p a r a b l e . The d a t a i n d i c a t e t h a t , a s t h e t o t a l amount o f
w a s t e w a t e r a p p l i e d t o t h e test p l o t i n c r e a s e d , t h e soil
l e a c h a t e increased i n a c i d i t y , t o t a l d i s s o l v e d s o l i d s , a n d
T o t a l Organic Carbon ( T O C ) conc en tra t i on s .

T a b l e 3 -9 p r e s e n t s an a n a l y s i s o f l e a c h a t e
f r o m a "background" soil s a m p l e o b t a i n e d by the TWQB f r o m an
u n s p e c i f i e d l o c a t i o n in the e v a p o r a t i o n s y s t e m area in N o v e m b e r
o f 1976 . A g a i n , however, t h e l e a c h a b i l i t y p r o c e d u r e s f o r t h e
t e s t were not d i s c u s s e d in d e t a i l and the s a m p l e r e p r e s e n t s
o n l y one d a t a p o i n t ; t h e r e f o r e , the s e d a t a may not be
r e p r e s e n t a t i v e .

Resource E n g i n e e r i n g a n a l y z e d a s a m p l e o f th e
p o n d a c c u m u l a t e d s tormwater f o r p r i o r i t y p o l l u t a n t s b y G C / M S
t e c h n i q u e s in J u n e o f 1984. The r e s u l t s o f t h i s a n a l y s i s ar e
p r e s e n t e d in T a b l e 3-10.

O
O
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T a b l e 3-9
T W Q B . . A n a l y t i c a l J P a t a o n Background S o i l . L e a c h a t e

( S a m p l e d 1 1 / 1 2 / 7 6 )

C o n s t i t u e n t C o n c e n t r a t i o n i n L e a c h a t e ( u g / 1 )

Cd
Pb
N i
Zn
Ba
cr
M g
cu
K g
Ca
N a

<50
30
20

200
<20
100

10
0.55

70
0.98

oo
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T a b l e 3-10
Stonowa_ter

P r i o r i t y J P g l l u t a n t . G C / H S A n a l y s i s

C p j n p g u n d
V Q-l at 11 e_ f r _ | c t J P p s

BenzeneE t h y l b e n z e n eT e t r a c h l o r o e t h y l e n eT o l u e n e
T r i c h l o r o e t h y l e n e

A c i d F r a c t i o n ;
2 , 4 D i m e t h y l p h e n o lPhenol

Base N e u t r a l F r a c t i o n :
I s o p h o r o n eN a p h t h a l e n eP h e n a n t h r e n e

C o n c e n t r a t i o n ( u g / 1 )

BMDL ( < 5 0 0 )
BMDL ( < 5 0 0 )510
1610
2910

B M D L ( < 5 0 0 )3 5 5 0

77
BMDL ( < 5 0 )
BMDL ( < 5 0 )
N o n e Det e c t ed

oo

BKDL - T e n t a t i v e l y i d e n t i f i e d a t c oncentra t ions be low themethod d e t e c t i o n l i m i t s .

N o t e :
in t e r f e r e n c e s

beto

21
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The data correspond well to what would be
expected to be present from earlier s ludge analys i s . in
a d d i t i o n to the pr ior i ty p o l l u t a n t s in T a b l e 3-10, a wide range
of carboxylic acids were f o u n d , in c lud ing: benzoic acid, t o lu i c
a c i d , butanoic a c id , p e n t a n o i c acid and hexanoic ac id. T h e s e
compounds may be present as b i o d e g r a d a t i o n p r o d u c t s of the
aromatic and a l i p h a t i c compounds f o u n d in the s l u d g e .

Resource Engineering, I n c . conducted extensive
s a m p l i n g of the e v a p o r a t i o n system in the s p r i n g of 1984 and
winter of 1985. F i g u r e 3-3 shows the sampl e l o ca t i on s of these
inv e s t i ga t i on s . F i g u r e 3-4 shows the locat ions of water
s a m p l e s taken in J u l y , 1984 to monitor water q u a l i t y parameter s
dur ing site remedial actions.

The r e su l t s of pond and evaporat ion system
water q u a l i t y analyse s are presented in T a b l e 3-11. The
overal l decrease in oil and grease , TOC, p h e n o l i c s , BOD, and
COD l e v e l s as the wastewater retention time in the evaporat ion
system increased ind i ca t e s treatment was occurring. The t o ta l
r e t e n t i o n for the evapora t i on sys tem was e s t imated at one
month. Reduct ions in p o l l u t a n t concentrations were occurring
through s u c c e s s f u l on-site treatment mechanisms. The on-site
treatment mechanisms consisted of p r i m a r i l y b i o d e g r a d a t i o n ,
soil s o r p t i o n and v o l a t i l i z a t i o n based on the p h y s i c a l
p r o p e r t i e s and f a t e and transport charac t er i s t i c s of the
organic compounds o f concern ( S e c t i o n 3 , 2 ) .

LAr-
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Oil and G r e a s e

T a b l e _3-11
Pond and Evaporat ion S y s t e m W a t e r Qua_l_it;

( R E I d a t a J u l y , 1 9 8 4 }

W S 2 _ g a m p l e N o .

* pH given in s t a n d a r d u n i t s ,

Introduc t
6.9

129
2 , 9 5 8

5.12
6,013
2 ,769

723
<5

430
780

<0,01
<0.5

0.02
0.02

<0.01
<0.01
<0.005
0.1

<0.01
<0.01

W5 /i_on) I M i d - p o i n t )
7.4

125
1,413

1.06
1,790

794
1,050

<5
72

1,777
<0.01
<0.5

0.04
0.03

<0.01
<0.01
<0.005
<0.01
<0.01
<0.01

W S 4( F i n a l )
7.6

74
1,180

O . S 2
2,957
1,072
1,078

<5
134
528

<0.01
<0.5

0.03
0.01

<0.01
<0.01
<0.005
<0.01

0,11
<0.01

all o thers in m g / i

3 - 2 5
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H e a v y m e t a l s were f o u n d only in trace
q u a n t i t i e s j u s t above d e t e c t i o n l i m i t s and cons i s t ed of
chromium, nicke l and s i lver .

T a b l e 3-12 pr e s en t s an a n a l y s i s of inorganic
soil c o n s t i t u e n t s f o r s a m p l e s c o l l e c t e d f r o m t h e e v a p o r a t i o n
sy s t em and "background" l o ca t i on s by the EPA FIT team in J u l y ,
1983. O n l y the zinc level of the l a n d f a r m soil was f o u n d to be
s i g n i f i c a n t l y above mean background concentra t i on s . T o t a l
c o p p e r , n i c k e l , and l ead l e v e l s were w i t h i n s a m p l i n g and
a n a l y t i c a l variance ranges of the mean background values .

T a b l e 2-13 summarizes t h e a n a l y t i c a l r e s u l t s
f r o m the f i r s t s e t o f near s u r f a c e (0 to 18") soil s a m p l e s
o b t a i n e d in M a r c h , 1984. S o i l mo i s tur e , ca t ion exchange
c a p a c i t y , and inorgani c s a l t content are al l i m p o r t a n t
p a r a m e t e r s in a s s e s s ing the f a t e and t r a n s p o r t o f heavy m e t a l s
i n s o i l . T h e a n a l y t i c a l d a t a s u g g e s t that soil c o n d i t i o n s ( p H ,
and ca t i on exchange c a p a c i t y ) f a v o r th e f i x a t i o n and
i m m o b i l i z a t i o n o f heavy m e t a l s in th e e v a p o r a t i o n sys t em. S o i l
m e t a l l i c c o n s t i t u e n t f a t e and t r a n s p o r t w i l l b e d i s c u s s e d
f u r t h e r in S e c t i o n 3.2.1.

The a n a l y s e s i n d i c a t e that PCBs are not
pr e s en t in the e v a p o r a t i o n sys t em s o i l s , which is as e x p e c t e d
because of the low s o l u b i l i t y of PCBs in water (30 to 70 ppb);
no PCBs were f o u n d in ac cumula t ed pond s tormwater.

Oo
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ERA FIT Team
f c s b l e 3-12

S a m p l i n g Analysis J u l y 1983

Concentrations ( p p n w )
EvaporationSoil System Sur fac eConstituent MF 0053

Aluminum
droRiium
Barium
Beryllium
Cobalt
Copper
Iron
Nicke l
Manganese
Zinc
Boron
Vanadium
Arsenic
Selenium
Cadrraum
Lead
Ammonia

NA - Not

7,000
19

125
0.5
6.67

17.5
1040

20
241
149

10
20

2
0.2
0.15

15
30

available
* Eastern United States average

3

EvaporationSystem 4" Depth
M F 0 0 5 4

5,630
7

40
0.25
2.5
5

5870
6

183
15.5

NA
NA

1
NA
NA

3
35

Brazos RiverUpstreamSediments Mean AmbientM F 9 6 9 7 Background*
1320 33,000

2 36
30 300

NA 0.6
NA 7
NA 14

1710 15,000
NA 13
83.2 290

4.5 36
NA 32
NA 46

0.5 5.4
NA 0,39
NA <1

1 14
20 NA

as referenced by EPA FIT Team.
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•Bible 3-13Evaporaticn Syntam S o i l s Analys i s( tbr t i i , 1984)

f 9Si
C:5J 2î
f ag j
ii?c •

?

Constituent
Heavy Meta l s :Arsenic ( m g / k g )Cadmium ( m g / k g )Chromium ( m g / k g )Copper ( m g / k g )Nickel ( m g / k g )LeadZinc
pH (Standard U n i t s )
H 2 0 wt.%
Oil & Grease ppro
ft ienol ( m g / k g )
T b t a l K j e l d a h l Nitrogen( E £ m / k g )
Sul fa t e s ( m g / k g )
Chlorides
Cation Exchange Capaci ty(meg/ 100 gm)
Sodium Absorption Ratio
KB ( m g / k r j )
NA - Nbt AnalyzedND - Nbt detected values

L F f f l

( 1 . 4 3 )
( 1 - 4 3 )
28.6
32.9
( 1 . 4 3 )

103
107

8.7
33.8

428
3.6

1,480 1,
855
835 1,

52.2
2.62

N D ( < 1 )

L F « 2

( 1 . 4 3 )
( 1 . 4 3 )
22.9
31.4

2.86
55
81

8.3
32.7

153
4.0

160
230
223

54.6
2.48

NA

L F # 3

( 1 . 4 3 )
( 1 . 4 3 )
30.0
32.8
11.4
70
63

8.5
23.2

118
4.8

941
532

1,012

56.1
2.63

NA

in parentheses are detection(1) All sanples are composites from 0See f igure 3-3 for sample locations . to 18" depth

L F # 4

( 1 . 4 3 )
( 1 . 4 3 )
34.3
32.8
7.14

66
77

8.5
27.7

4,900 4
3.2

1,590 1
674

1,019 1

58.2
2.95

NA

l i inits

L F # 5

( 1 . 4 3 )
( 1 . 4 3 )
32.9
37.1
( 1 . 4 3 )
68

110
8.5

31.5
,100

3.6

,900 1,
987

,221 1,

55.8
3.53

NA ND

L F # S

( 1 . 4 3 )
( 1 . 4 3 )
( 1 . 4 3 )
22.9
( 1 . 4 3 )

62
81

8.6
24.9

?2S
3.3

270 1
867
095

53.7
3.00

C<D

L F 3 7

( 1 . 4 3 )
1.86

27.1
27.1
( 1 . 4 3 )
62
66
8.7

36.4
57
3.0

,330
568
971

52.0
3.06

NA

Dike Material

(i31
5

41
(1121
60

8
47

22,100
11

1,760
664
184

.43)
•*.7
.4
.43)

.0

.0

.3

25.7
1.47

0 0 3 4 8 1



A d d i t i o n a l a n a l y t i c a l re su l t s f r o m s a m p l e s
obtained in May of 1984 are presented in T a b l e 3-14. in J u l y ,
1985 the EPA requested an a d d i t i o n a l evaporation system
evaluat ion. In response, the S h e r i d a n Commi t t e e submitted in
August and S e p t e m b e r of 1985,. a Q u a l i t y Assurance P r o j e c t Plan
and a S a m p l i n g and Analy s i s Plan for addit ional f i e l d
a c t i v i t i e s . S a m p l e s were obtained f r o m f i v e l o ca t i on s in
December 1985 to a minimum d e p t h of three f e e t ( F i g u r e 3 - 3 ) .
Each s a m p l e was a n a l y z e d for oil and grease , n i ck e l , chromium,
l e a d , and zinc. A pr i or i ty p o l l u t a n t GC/MS analys i s was
p e r f o r m e d on f i v e s a m p l e s as s p e c i f i e d by the a n a l y s i s t>lan.
A s required b y t h e E P A , s a m p l i n g l o ca t i on s f o r G C / M S a n a l y s i s
were the 3 - f o o t d e p t h at s a m p l i n g l o c a t i o n s nearest to p r i o r
s ampl e s #8, 10, and 12 and the worst case sur face sample . The
r e s u l t s of these analy s e s are p r e s e n t e d in T a b l e s 3-15 and 3-16.

The s a m p l e s were obtained by hand augering and
with a s p l i t core s a m p l e r - The equipment was decontaminated
between each s a m p l i n g event to prevent cros s-contamination. A
di s cu s s i on o f f i e l d s a m p l i n g techniques and f i e l d records i s

CM
00

oo
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X

•Bible 3-14
Evaporation Syston

(Resource £ngineering

Depth Oil & GreaseSarnie Location (in) m g / k g )
8 0-6 7,800

6-12 3.000

9 0-6 7,200
6-12 3,800

10 0-6 8,500
6-12 2,700

11 0-6 6,60o
6-12 2,900

12 0-6 6,100
6-12 3,400

See Figure 3-3 for sample locations.

Soil Analysis
Data Hay, 1984)

Chromium lead Zincmg/3cg (rog/kg) (mcr/tar), . —— ——— .^J. — — — — — •* • - l . _ . ^ E J ——— . _J * \ J/_ . J /

72 188 145
54 81 57

V\64 60 103 QQ
62 47 52 K̂\

O
O78 56 100

53 48 46

50 21 81
45 10 60

56 5 61
60 7 55

Note - Oil and grease analytical results from May, 1984 and December, 1985 are
not directly comparable since d i f f e r e n t analytical rrethods were used.

3 - 3 0
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Table 3-15«_ * * -^ - - -Evaporation System Analysis
(pcwiirrv* ^ iv j - fnoo j - inr j n w f r j i rkw^lTeT-j I Q P ^ )

oil &_ . . . * -

Sairple No.
Evaporation

ES-133
ES-13bES-13CES-13d
ES-13e
ES-14a
ES-14bES-14C
ES-14d
ES-15a
ES-15b
ES-15C
ES-15d
ES-16a
ES-16bES-16C
ES-16d
ES-17a
ES-17b
ES-17C
ES-17d

DepthZone (in)
System Soil

0-6
6-12
12-18
33-39
48-54
0-6
6-12
12-18
33-39
0-6
6-12
12-18
33-39
0-6
6-12
12-18
33-39
0-6
6-12
12-18
33-39

Grease Nickel
_.. ..<mg/fccr)
Sampl e s :

392,000113,000
29,500350

385
10,900

3,011
616
750
599355
458
429
402
752
527
578

48,000
12,000

3,526
776

[TOttg) , „
43.9
43.643.7
15.111.0
25.0
27.0
35.7
12,7
22.6
21.6
23.9
33.9
22.7
24.6
29.0
29.6
28.3
26.3
24.0
10.5

Chrotiium_ _ _ ( i n g / k g )

207.0
61.3
71.1
14.7

9.0
34.1
29.4
30.0
11.0
25.4
25.9
25.9
30.1
25.7
26.0
28.1
29.5
55.2
26.2
22.0
11.0

Lead..... (*g/xg>

691.0
76.3
36.8
12.2

2.1
23.1
17.2
17.1

6.5
10.3
19.8
9.8

13.2
20.221.0
18.8
23.8
52,0
14.6
10.3
6.0

Zinc
.J^/M

1,260
1,160
1,270

43.2
22.1

118
78.9
60.3
23.7
64.2
58.1
55.6
65.4
55.9
56.8
62.9
64.3

141
53.2
47.1
23.3

See Figure 3-3 for sample locations.
Background

BS-1
BS-2BS-3a
BS-3b

See Figure

Soil Sairple s
0-6
0-6
0-6
6-12

'•
2,004

431
279
228

15.5
24.4
12.8

9.8

56.1
18.6

6.1
11.7

22.1
12.5
<1.0

8.3

56.0
47,0
22.3
23.1

3-5 for sample locations.
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CÔ

moo



Compound(Unit s are m g / k g )

V o l a t i l e Fract ion:BenzeneEthylbenzeneMethylene chlorideTetrachloroethyleneToluene
Acid Fraction: (ug/kg)Benzoic acid1

2-4 Dimethyl phenolRienol
Base/Neutral Fraction:AnthraceneBenzyl alcohol1

Dimethyl phthalate3 Di-N-butyl j t f i t h a l a t e5 Di-N-octyl p h t l a l a t e
95 Fluoranthene^ Naphthalene»t N-Nitrosodiphenylamine

•RjbleJ-16Evaporaticn Systoa Soi l s Priority
(Resoxrroc BTgineering Data

13A 13D(0-6" Depth) (33-39" Depth)

67.9579
ND
43.5

263

ND
494

1,470

ND 2

ND 2

ND 2

ND 2

ND
ND 2

ND 2

ND 2

ND
ND

EMDL (<.014)
ND
ND

ND
ND
0.236

EMDL (<0.063)
EMDL (<0.330)
EMDL (<0.330)
EMDL (<0.330)

ND
EMDL (<0.073)

ND
0.075

Pollutant OC/MS AnalysisPoacnter, 1985)
15D

(33-37" Depth)

ND
ND

0.060
ND
ND

ND EMDL
ND
ND

ND
EMDL (<0.330) H-IDLND

ND
ND
ND
ND
ND

17D
(33-39")

ND
ND

0.221ND
ND

(<0.330)ND
ND

ND
(<0.330)

ND
ND
ND
ND
ND
ND

S123Background SoilComposite

NDND
ND
ND
ND

NDND
ND

NDEMDL (<0.330)
ND
ND0.451
ND

0,135
ND

**%
ND ND ND NDr=esticides/PCB Fraction: NDSee Figure 3-3 for sample locations.1 Benzoic acid and benzyl alcohol are non-priority po l lu tant confounds which were s p e c i f i c a l l y quantif ied due totheir being common degradation products of aroroatics2 Method detection l imit s were high due to sample matrix interferencesND - Not detectedSMDL tentatively i d e n t i f i e d at concentrations below method detection l imit s
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contained in S e c t i o n 4.0 of the S a m p l i n g and A n a l y s i s P l a n in
A p p e n d i x 3 C .

S o i l s a m p l e s u t i l i z e d to determine site
background l e v e l s of trace e l e m e n t s and organics were c o l l e c t e d
at three l o c a t i o n s as s p e c i f i e d by the E P A . T h e s e l o c a t i o n s
in c lud ed two s a m p l e s f r o m the a d j o i n i n g p r o p e r t y to the east of
the S h e r i d a n site and one s a m p l e f r o m S h e r i d a n p r o p e r t y , west
of the p o n d . F i g u r e 3-5 shows the l o c a t i o n s o f the background
s a m p l e s a n d T a b l e 3-15 p r e s e n t s t h e a n a l y t i c a l r e s u l t s .

As T a b l e 3-15 i n d i c a t e s , s a m p l e BS-1 had
s i g n i f i c a n t l y higher oil and grease and chromium l e v e l s than
the o ther background s a m p l e s . A e r i a l p h o t o g r a p h y f r o m 1984
i n d i c a t e s tha t B S - 1 may have been c o l l e c t e d in the area of a
f o r m e r crude oil reserve pit which may make the s a m p l e
u n s u i t a b l e as a background s a m p l e . GC/MS a n a l y s i s of a
c o m p o s i t e o f soil background s a m p l e s d e t e c t ed n a p h t h a l e n e and
Di-n-Octyl p h t h a l a t e which are c o m p o u n d s pre sent in crude
o i l s . T a b l e 3-17 i s a c o m p a r i s o n of background mean v a l u e s
c a l c u l a t e d with and wi thout s a m p l e B S - 1 d a t a . T a b l e 3-17 d a t a
i n d i c a t e that BS-1 should not be considered a va l id background
s a m p l e because of the large increase in c o n f i d e n c e l i m i t s
caused by its i n c l u s i o n in the s t a t i s t i c a l base.

T h e e x i s t i n g d a t a b a s e o f three background
s a m p l e s i s not l a r g e enough to a d e q u a t e l y d e f i n e ba ckground .
The large s t a t i s t i c a l c o n f i d e n c e l i m i t s on background
concentration l e v e l s in T a b l e 3-17 w i l l most l i k e l y decrease
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when a d d i t i o n a l background s a m p l e d a t a becomes a v a i l a b l e .
A d d i t i o n a l soil s a m p l i n g w i l l f u r t h e r d e f i n e background
c o n d i t i o n s .

T a b l e 3-17
Mean Background Soi l Trace M e t a l s and Organics

( v a l u e s in m g / k g )

O & G N i c k e l Chromium Lead Z i n c
B S - l , 2 , 3 a , 3 b :
736 ± 2 3 6 3 15.6 ± 17.5 23.1 ± 62.7 11.0 ± 24.5 37.1 ± 47.4
B S - 2 , 3 a , 3 b :
313 ± 335 15.7 ± 24.5 12.1 ± 19.9 7.3 ± 10.5 30.8 ± 44.6

S5% c o n f i d e n c e L i m i t s a r e based on ^ va lue s corrected f o r s a m p l es ize and the s a m p l e s t andard d ev ia t i on
For n=4 95% C o n f i d e n c e L i m i t s = 2 .78 x S a m p l e S t a n d a r d D e v i a t i o nFor n=3 95% C o n f i d e n c e L i m i t s = 3.18 x S a m p l e S t a n d a r d D e v i a t i o n

T a b l e 3 - 1 8 summariz e s t h e r e s u l t s o f e v a p o r a t i o n s y s t e m
s a m p l i n g i n c o m p a r i s o n t o the s e s i t e - s p e c i f i c , b a c k g r o u n d
c o n c e n t r a t i o n l e v e l s . A s d i s c u s s e d l a t e r , on ly s a m p l e p t . # 1 3
was f o u n d to have metal c onc en tra t i on l e v e l s a p p r o a c h i n g
p h y t o t o x i c l i m i t s .

A s requested b y t h e E P A , log-normal p l o t s
( F i g u r e s 3-6 through 3-15) were made of the concentra t ion
p r o f i l e s o f i n d i c a t o r parame t e r s a t each s a m p l e l o c a t i o n . Log
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T a b l e 3-18
Summary of Evaporation Sys t em Analy t i ca l Results
(Resource E n g i n e e r i n g , I n c . Data December, 1985}

M a x i m u m D e p t h o f E l eva t ed
Concentrat ions Above P r e l i m i n a r y S i t e Background

I n d i c a t o r Parameter
Oil & Grease
N i c k e l
Chromium
Lead
Z i n c

E S 1 3
2.75 f t .
2 . 5 f t .
2 . 5 f t .
2 . 5 f t .
2 . 5 f t .

E S 1 4 E S 1 5
1.25

_
0,5
_

1.25

E S 1 6 E S 1 7
1.0 -3.5
-

0.5
0.5
0.5

ggf t
- W i t h i n S i t e S p e c i f i c Background C o n c e n t r a t i o n s

N o t e : S i t e S p e c i f i c Background C o n c e n t r a t i o n s a r e p r e l i m i n a r y . A d d i t i o n a l s a m p l i n gp l a n n e d f o r t h e E v a p o r a t i v e S y s t e m i n c l u d e s f i v e a d d i t i o n a l background s a m p l e s .T h i s a d d i t i o n a l i n f o r m a t i o n may revise the values in thi s tab l e .
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c onc en tra t i on p r o f i l e s in F i g u r e 3-6 through 3-15 d e f i n e s a m p l e
p o i n t s p e c i f i c background l e v e l s . Contaminant c o n c e n t r a t i o n s
decrease e x p o n e n t i a l l y wi th d i s t a n c e away f r o m a po in t source.
The s l o p e o f l og c o n c e n t r a t i o n v s . d e p t h shou ld be l i n e a r and
i s as shown by F i g u r e s 3-6 through 3-15. If the s l o p e of log
c o n c e n t r a t i o n vs d e p t h a p p r o a c h e s zero as background l e v e l s are
r e a c h e d , then h o r i z o n t a l l i n e s repre s ent background
c o n c e n t r a t i o n s . I f t h e p l o t t e d value s d o n o t a p p r o a c h zero
s l o p e , a c o m p a r i s o n o f the end p o i n t s to the p r e l i m i n a r y
b a c k g r o u n d s a m p l e l e v e l s may be used to d e t e r m i n e where the se
c o n c e n t r a t i o n s are a t background l e v e l s . The e x t r a p o l a t e d
p o i n t at which the s l o p e goes to zero r e p r e s e n t s the maximum
d e p t h o f c o n t a m i n a n t m i g r a t i o n .

L o c a t i o n 13 ( F i g u r e s 3-6 and 3 - 7 ) was chosen
as a wors t-cas e s a m p l i n g p o i n t in the e v a p o r a t i o n sy s t em, since
it is l o c a t e d in the i n l e t c e l l to which pond wa s t ewa t e r was
p u m p e d t o i n i t i a t e e v a p o r a t i o n . The u p p e r two f e e t a t t h i s
l o c a t i o n i s a heavy, o r g a n i c , weathered s l u d g e . The u p p e r s i x
inche s o f t h i s s l u d g e w a s a n a l y z e d b y G C / M S f o r o rgan i c s a n d
t h e r e s u l t s ar e p r e s e n t e d in T a b l e 3-16. The p r e s e n c e o f
b e n z e n e , e t h y I b e n z e n e , t e t r a c h l o r o e t h y l e n e , t o l u e n e ,
2 , 4 - d i m e t h y l p h e n o l a n d p h e n o l a l l i d e n t i f y t h i s s l u d g e a s
o r i g i n a t i n g in th e p o n d .

F i g u r e 3-6 i n d i c a t e s oi l and grease l e v e l s are
above background to a d e p t h o f 2 . 7 5 f e e t a t l o c a t i o n 13. The
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f i g u r e shows an e x c e l l e n t s t r a i g h t - l i n e c orr e la t i on of log o i l
and grease values when p l o t t e d versus d e p t h .

F i g u r e 3-7, a log p l o t o f heavy m e t a l s versus
d e p t h , is consi s tent with F i g u r e 3-6 and i n d i c a t e s that heavy
m e t a l s reach background l e v e l s a t a p p r o x i m a t e l y 2.5 f e e t b e low
g r a d e . GC/MS a n a l y s i s o f the s a m p l e a t a 3 f o o t d e p t h f o u n d
0.24 s a g / k g pheno l present and trace l e v e l s o f b a s e / n e u t r a l
f r a c t i o n c o m p o u n d s which means i t i s e s s e n t i a l l y
n o n - c o n t a m i n a t e d .

F i g u r e s 3-8 and 3-9 p l o t the i n d i c a t o r
p a r a m e t e r ' s l o g c onc en t ra t i on versus d e p t h f o r s a m p l e l o c a t i o n
14. S a m p l e l o c a t i o n 14 i s a p p r o x i m a t e l y 200 f e e t nor thea s t of
l o c a t i o n 13 as i n d i c a t e d by F i g u r e 3-3. T h i s l o c a t i o n is a
h i g h p o i n t in a c e l l c o n t a i n i n g one to six inches of s t a n d i n g
water. No s u r f a c e s l u d g e c o n t a m i n a t i o n i s v i s i b l e and the soil
is a m o i s t , brown c l a y . Oil and grease is above background to
a d e p t h o f a p p r o x i m a t e l y 1.25 f e e t , w h i l e a l l o f t h e heavy
m e t a l s a r e w i t h i n a n a l y t i c a l error l i m i t s o f p r e l i m i n a r y back-
ground l e v e l s e x c ep t f o r z inc which p a r a l l e l s t h e d i s t r i b u t i o n
of o i l and grease va lu e s to the same d e p t h o f 1 .25 f e e t .

F i g u r e s 3-10 t h r o u g h 3-13 p l o t th e i n d i c a t o r
p a r a m e t e r d i s t r i b u t i o n s f or s a m p l e l o c a t i o n s 15 and 16 . S a m p l e
l o c a t i o n s 15 and 16 are both in int er ior c e l l s in the south-
central p o r t i o n o f the e v a p o r a t i o n sys tem. The soil t y p e in
both l o c a t i o n s is a m o i s t , dark , red-brown c lay wi th numerous
p l a n t roots in the u p p e r 1 f o o t s ec t ion. The d a t a i n d i c a t e
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OH & Grease vs D e p t h

C o n c e n t r a t i o n( m g / k g )

i s* Mia 1.5 2.0
D e p t h ( f e e t )
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that these two lo ca t ions are within analyt i ca l error l imi t s of
pre l iminary es t imates of background. Analy t i ca l errors include
imprecision in laboratory analyses and background
character izat ion. Error l imi t s are d e f i n e d as 95% level
c o n f i d e n c e l i m i t s corrected for the degrees of freedom in the
sample size. GC/MS analysis of the three-foot dep th sample at
locat ion 15 conf irms there are no pr i or i ty p o l l u t a n t organic
contaminant s pre s ent .

F i g u r e s 3-14 and 3-15 show the results of
analyses at sample location 17. S a m p l e location 17 is in the
southwest corner of the evaporat ion system as shown on F i g u r e
3-3. The soil was observed to be a dark, moist s i l t . Oil and
grease is present at elevated concentrations to a d e p t h greater
than 3 . 0 f e e t ( a p p r o x i m a t e l y 3 . 5 f e e t by e x t r a p o l a t i o n ) .
Chromium, l e a d , and zinc are present at e l evated l ev e l s in the
f i r s t s ix inches of t o p s o i l . GC/MS analysis of the 3 - f o o t
level de t ec t ed only trace concentrations of aromatic
d e g r a d a t i o n compounds (benzyl alcohol and benzoic a c i d ) . A f t e r
a review of a n a l y t i c a l Q A / Q C da ta , the methylene chloride
l ev e l s in several GC/MS resul t s were considered laboratory
background. F i g u r e 3-16 is an i l l u s t r a t i o n of s a m p l i n g
procedure s used in ob ta in ing evaporat ion system soil s a m p l e s .

The evaporation system c e l l s characterized by
15 sampl e po in t s have no s i g n i f i c a n t l y elevated concentrations
of e i ther heavy m e t a l s or organics. As would be e x p e c t e d , the
m a j o r i t y of contamination is near the point of introduction of
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pond stormwater. The c e l l s c lo se s t to the pond was t ewater
in l e t contain contaminants above background concentrat ions at
d e p t h s o f up to 3.5 f e e t below grade. T h e s e l e v e l s are
p r i m a r i l y in s u r f a c e s l u d g e s which were pumped along with pond
s tormwater into the e v a p o r a t i o n s y s t e m and remained in the
i n l e t c e l l . A d d i t i o n a l s a m p l i n g o f t h e e v a p o r a t i o n sys t em i s
p l a n n e d in the S p r i n g of 1987,

Based on the d a t a a v a i l a b l e , oil and grease
and t o t a l z inc a p p e a r to be the most s en s i t i v e i n d i c a t o r
p a r a m e t e r s . Oil and grease ( O & G ) l e v e l s are a general
ind i ca t o r of p r i o r i t y p o l l u t a n t organic contaminat ion as
i n d i c a t e d by a c o m p a r i s o n of T a b l e s 3-15 and 3-16. S a m p l i n g in
t h e Summer o f 1987 w i l l f u r t h e r d e f i n e t h i s r e l a t i o n s h i p . Z i n c
is the most m o b i l e heavy meta l of concern as d i s c u s s e d l a t e r in
the f a t e and transpor t section (p 3 - 6 3 ) and as shown by the
s l o p e o f zinc m i g r a t i o n a t s a m p l e p o i n t s E S 1 3 a n d E S 1 7 . Z d n c
has the h i g h e s t c onc en tra t i on of any heavy metal of concern as
shown in T a b l e 3-2. Other heavy m e t a l s of concern were never
de t e c t ed at e levated l e v e l s without zinc a l s o being e l e v a t e d .
For the se reasons zinc and oil and grease are a p p r o p r i a t e
i n d i c a t o r p a r a m e t e r s o f s i t e c o n t a m i n a t i o n .

T a b l e 3-19 compares t y p i c a l background l e v e l s ,
p h y t o t o x i c l e v e l s , and maximum in-place closure concentration
l e v e l s which have been used in c l o sure of RCRA land t r ea tment
uni t s . E x c e p t for the obvious s l u d g e d i r e c t l y at the in l e t to
the e v a p o r a t i o n sy s t em, none of the s a m p l e s had heavy me ta l

OintoOo

51

RESOURCE ENGINEERING



8O

OO
Iin

ooc

oOJ

TT

V

ooo

OO

Oo

oo
I

ry

in
4oo

VD

in

o oq oH in

oo

iin

in*
€ S J

in

*-i
«-H
2

oo
io

O OO Om n
i
o

vo

CO
o

o
CM

tsJ

nCOa 8

CD

CM

o
LA
t̂
O
O

RESOURCE ENGINEERING-



concentrations in excess of t y p i c a l background l ev e l s .
A d d i t i o n a l l y , in a l l cases except f o r t h e in l e t c e l l s l u d g e ,
heavy metal c oncen tra t i on s were below average excess ive
p h y t o t o x i c l e v e l s ( T a b l e 3 - 1 9 ) .

T a b l e 3-20 is a summary of the t e c h n i c a l l i t e r a t u r e
e s t i m a t i n g concentrations of trace e l ements considered
p h y t o t o x i c in s o i l s . The value s vary c o n s i d e r a b l y because
p h y t o t o x i c i t y i s d e p e n d e n t on the soil t y p e and s p e c i f i c p l a n t
s p e c i e s .

3.1.4 T e s t P l o t Area * The three-acre test p l o t was
used f r o m October through December of 1975 to s tudy the
f e a s i b i l i t y o f " land i r r i g a t i o n " a s a d i s p o s a l method f or pond
w a s t e w a t e r . The s i t e was l o c a t e d north and s l i g h t l y west o f
the p o n d in a f o r m e r truck garden.

O n l y 100,000 g a l l o n s o f was t ewater were
a p p l i e d to th i s p l o t ; the presence of soil contaminants was
never d e t e r m i n e d . C o n s i d e r i n g that the was t ewater l o a d i n g rate
on the test p l o t was at l ea s t an order of m a g n i t u d e l e s s than
the e v a p o r a t i o n sy s t em area, no s i g n i f i c a n t c on taminat i on would
b e e x p e c t e d . T o i n v e s t i g a t e t h i s h y p o t h e s i s , s a m p l e s were
taken in December, 1985 at three l o c a t i o n s in the test p l o t
area. Two of the s a m p l e s were taken f r o m 0 to 6-inch d e p t h s and
the th ird l o c a t i o n was s a m p l e d at both the s u r f a c e and at a
d e p t h of 6 to 12 inches. The s a m p l e s were a n a l y z e d for t o t a l
metal c oncentra t i on s of l e a d , zinc, nickel and chromium as
indi ca tor s o f p o s s i b l e contaminat ion. T a b l e 3-21 pre s en t s the
re sul t s of these analyses .

3 - 5 3
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E l e m e n t

T a b l e 3-20
Concentrat ions of Trace

£1events Considered
P h y t o t o x i c i n S o i l s ( P P M O H )

C o n c e n t r a t i o n s as g iv en by various authors___
a b e d e f Average

Ag -
As - 50

Be
Br
Gd
Co
Cr
Cu
F

K Tn-B
Mr.
K o
N i
Pb
S b
S e
sn
T l
V
2n

a)

30 100
10

*• *•
5

30 50
- 1 O A

-L V u

60 100
500

5
3000

4 10
100
100

10
<v «•

— _

70 300

2
25

-

8
25
75

100
-
0.3

1500
2

100
200

*•
5
**

60
400

30
100

10
20

5
50

100
100

1000
5

10
100
100

10
10
50

100
3CO

20
25
10
10

3
50

100
100
200

2

5
100
100

5
10
50
1

50
300

K o v a l s k i y V . V . "Geo t e chn i ca l EnvironmentDisease s" i n T r a c e S u b s t . Environ. H e a l t h V o l1974

3 - 5 4
Off f%nr*f*f *

2
15 28

64
10
15

«. cIj
50 43

94
125 98

567
3

2250
6

100 100
400 180

— no
*. Qy
— c:O~ O \J

1
70

250 270

, H e a l t h and8 , H e m p h i l l ,



T a b l e 3-20 ( c o n t i n u e d )

b) £ l - B a s s a m , N and T i e t j e n C. " M u n i c i p a l S l u d g e a s OrganicF e r t i l i z e r wi th S p e c i a l R e f e r e n c e t o t h e H e a v y M e t a lC o n s t i t u e n t s " in So.i.l_ Organic M a t t e r S t u d i e s Vol . 2 , IAEAVienna 1977 . . . - . \ . • ' • • ' , - • . • • • > - - • • • • - ' " • ' ' • • • " " • •
c ) L i n z o n S . N . " P h y t o x i c o l o g y Exces s ive L e v e l s f o rC o n t a m i n a n t s in S o i l and V e g e t a t i o n " report o f m i n i s t r y o fthe environment, Ontario, Canada, 1978
d) F a b a t a - P e n d i a s A. "Current Problems in Chemical D e g r a d a t i o no f S o i l s " p r e s e n t e d a t C o n f . on S o i l and P l a n t A n a l y s i s inE n v i r o n m e n t a l P r o t e c t i o n , F a l e n t y / W a r s a w , October 2 9 , 1977
e ) K l o f e A . "Content o f A r s e n i c ; cadmium, C i t r o m i u m , F l u o r i n e ,L e a d , Mercury and N i c k e l in P l a n t s grown on Contamina t edS o i l " , U N - E C E S i m p , o n E f f e c t s o r A i r - B o r n P o l l u t i o n o nV e g e t a t i o n , W a r s a w , A u g u s t 2 0 , 1979
f ) K i t a g a s h i , R . a n d Yamane F . E d s , Heavy M e t a l P o l l u t i o n i nS o i l s o f J a p a n , J a p a n S c i e n c e S o c i e t y Pres, T o k y o , 1961

CO

in
O

3 - 5 5
RESOURCE ENGINEERING



T a b l e 3-21
Test Plot Trace Element A n a l y s i s ; December, 1985

s a m p l e #

T P - l aT P - i b
T P - 2T P - 3

D e p t h( i n c h e s )
0-6
6-12
0-6
0-6

S i t e Background*BS-2 0-6B S - 3 a 0-6
B S - 3 b 6-12

Chromium( m g / k g )
11.59 ,90

6.70
8,20

18.66.1
11,7

Lead( n g / k g )
8.687.90
1.30

12.5
<1.0

8.3

*See F i g u r e 3-17 f or s a m p l e l o ca t i on s .

3 - 5 6

N i c k e l( a g / k g )
7.707.6

10.5
12.4

24.4
12.8

9.8

Z i n c

80.026.419.7
20.8

47.0
2 2 . 3
23.1 O
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All values are w i th in the c a l c u l a t e d
background concentrat ion ranges except f or a s i n g l e , s l i g h t l y
e l evated concentration of zinc in sample T P - l a . No areas of
organic c on tamina t i on were f o u n d in the evapora t i on system that
did not a l so have elevated concentrations of heavy me ta l s .
S i n c e bo th sys t ems t r ea t ed accumulated pond s tormwater, heavy
meta l s are an adequate indicator for p o t e n t i a l contaminat ion.
The a n a l y t i c a l r e s u l t s c o n f i r m that the area has no s i g n i f i c a n t
c o n t a m i n a t i o n .

Besides the test p l o t area, the road network
north of the pond and the main entrance was surveyed. S o i l
s a m p l e s were taken in areas where s p i l l s may have occurred.
F i g u r e 3-17 shows the s a m p l e l o c a t i o n s and T a b l e 3-22 p r e s e n t s
the i n d i c a t o r parame t er r e s u l t s . S a m p l e c-6 was taken f r o m
weathered s l u d g e ( b e f o r e c l e a n u p ) a p p r o x i m a t e l y 15 f e e t in
d i a m e t e r on the bank of the Brazos River north of the p o n d . As
e x p e c t e d , the s ampl e continued to have high concentrations of
oil and grease and zinc. As part of s i t e management
a c t i v i t i e s , the S h e r i d a n C o m m i t t e e removed a p p r o x i m a t e l y 11
cubic yards of t h i s material to the interior s l o p e of the pond
levee . S a m p l e s c-10 and Oi l o f r emaining s o i l s a f t e r c l e a n u p
i n d i c a t e removal of visual s l u d g e s was adequate. No other
s a m p l e l o c a t i o n bu t l o c a t i o n C-7 i n d i c a t e d any p o t e n t i a l l y
c on taminat ed areas.

o
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E V A P O R A T I O N S Y S T E M
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T a b l e 3-22
Pond goad Network S o i l A n a l y s i s(December 1985 and March 1 9 8 6 )

S a m p l e N o .
O3
C-6
C-7
C-8
C-10
C - l l

D e p t h( i n c h e s )
0-4
0-2
0-6
0-6

18-24
18-24

Oil & Greas e( m q / k q )
499
4.7%
6 , 3 5 1
285
4 , 9 5 6
313

Z i n c

29
770
119

28
25
32

3 . 2 E n v i r o n m e n t a l F a t e a n d _ _ T r a n s p o r t - T h e u l t i m a t e f a t e
and m o b i l i t y o f chemica l c o n t a m i n a n t s a t th e S h e r i d a n D i s p o s a l
S e r v i c e s i t e i s an i m p o r t a n t v a r i a b l e in d e t e r m i n i n g p u b l i c
h e a l t h r i sks and the i m p a c t of a "no action" r emed ia l
a l t e r n a t i v e .

S i n c e heavy m e t a l s have s i g n i f i c a n t l y d i f f e r e n t f a t e
and t r a n s p o r t c h a r a c t e r i s t i c s than organic c o m p o u n d s , they are
reviewed as a g r o u p . The organic c o m p o u n d s of concern were
a n a l y z e d u s i n g a M a c K a y e q u i l i b r i u m mode l t o d e t e r m i n e in which
m e d i a p h a s e ( a i r , wa t er , s o i l , s e d i m e n t s , o r b i o t a ) t h e
c o m p o u n d s h a d a t e n d e n c y t o c onc en t ra t e ( A p p e n d i x 3 C , S e c t i o n
3 . 2 . 2 ) . T h e p h y s i c a l p r o p e r t i e s o f each compound a r e t a b u l a t e d
and the i m p a c t on t r a n s p o r t p r o p e r t i e s is d i s c u s s e d . The most
s i g n i f i c a n t t r a n s p o r t mechanism, v o l a t i l i z a t i o n , i s reviewed in
d e t a i l as we l l as chemical and b i o l o g i c a l d e g r a d a t i o n proce s s e s .
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The f o l l o w i n g c o n c l u s i o n s are based on f a t e and
t r a n s p o r t p r o p e r t i e s o f t h e m a j o r organic c ompound s o f concern.

U l t i m a t e f a t e m o d e l i n g o f t h e organic c h e m i c a l s
i n d i c a t e s the m a j o r i t y o f p o l l u t a n t s on a mass ba s i s
w i l l v o l a t i l i z e in the a ir pha s e . O n l y p h e n o l s and
2 , 4 - d i c h l o r o p h e n o l w i l l concentrate in water to any
s i g n i f i c a n t d egre e . PCBs a n d P N A s w i l l remain
a d s o r b e d to s o i l s undernea th the pond and are the
l e a s t m o b i l e o f p o l l u t a n t s a t the s i t e .
P r i o r i t y p o l l u t a n t s represent le s s than 5 wt.% of the
pond s l u d g e . A m a j o r i t y o f t h e p r i o r i t y p o l l u t a n t s
f o u n d a r e v o l a t i l e c o m p o u n d s — p r e d o m i n a n t l y t o l u e n e ,
e t h y l b e n z e n e and benzene. All these c o m p o u n d s have
s tandard v o l a t i l i z a t i o n h a l f - l i v e s less than s i x
hours when in pure f o r m . V o l a t i l i z a t i o n is a
s i g n i f i c a n t t r a n s p o r t mechani sm f o r t h e organi c
c o m p o u n d s o f concern. T h e p r i m a r y i m p a c t o f
v o l a t i l i z a t i o n is in cons idering f a t e and transpor t
of p o l l u t a n t s in the e v a p o r a t i o n sy s t em.
M o s t organic c o m p o u n d s o f concern ar e h i g h l y v o l a t i l e
f r o m d r y s o i l s . T h e e x c e p t i o n s are: p h e n o l , which
i s m o d e r a t e l y v o l a t i l e ; P C B s , which a r e s l i g h t l y
v o l a t i l e ; and PNAs which ar e n o n v o l a t i l e .
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• B i o d e g r a d a t i o n i s a s i g n i f i c a n t removal mechanism for
x y l e n e , t o l u e n e , benzene, c t h y l b e n z e n e ,
2 , 4 - d i c h l o r o p h e n o l and pheno l ( J a m i s o n e t a l > , Lyman
e t al., U . S . E P A , 1 9 8 2 ) . B i o d e g r a d a t i o n i s t h e most
l i k e l y removal mechani sm f o r pond a c c u m u l a t e d
s t ormwater s t r ea t ed s u c c e s s f u l l y in the e v a p o r a t i o n
sy s t em. B i o l o g i c a l t r e a t m e n t i s a p o t e n t i a l r e m e d i a l
t r e a t m e n t o p t i o n f o r the se c o m p o u n d s .

• A l i t e r a t u r e search has ind i ca t ed a tmo sph er i c and
s u r f a c e wat er d e g r a d a t i o n rates a r e s i g n i f i c a n t f o r
many o r g a n i c c o m p o u n d s o f concern ( T a b l e 3 - 2 7 )
V a l i d m o d e l i n g o f o f f - s i t e risks a n d i m p a c t s should
i n c l u d e the s e d e g r a d a t i o n rate s .

3.2.1 H e a v y M e t a l s - Overa l l soi l c o n d i t i o n s a t the
s i t e do no t f a v o r the m o b i l i t y o f heavy m e t a l s . Given the c l a y
t h i c k n e s s in aqui tard l a y e r s , heavy me ta l m i g r a t i o n to
g r o u n d w a t e r s h o u l d not be a concern. The m a j o r removal
( i m m o b i l i z a t i o n ) m e c h a n i s m f o r heavy m e t a l s i s a d s o r p t i o n onto
soil c on s t i t u en t s . The m a j o r soil c on s t i t u en t s involved in
a d s o r p t i o n pro c e s s e s i n c l u d e c l a y m i n e r a l s ( l a y e r e d a l u m i n a
s i l i c a t e s ) , h y d r a t e d meta l o x i d e s ( p r i m a r i l y iron o x i d e s a n d
manganese o x i d e s ) and organic mat t e r . The m a j o r soil type at
the SDS s i t e is the B r a z o r i a A s s o c i a t i o n which is 95 to 100%
c l a y s and has a f a i r l y h i g h organic m a t t e r content of 2 to 6%.
T h i s i s an e x c e l l e n t soil t y p e for i m m o b i l i z a t i o n o f heavy
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»etal sp e c i e s . S i t e bor ing l o g s i n d i c a t e t h e e v a p o r a t i o n
sy s t em i s composed o f Brazoria c l a y t o p s o i l . C l e m v i l l e ( s i l t
l o a m ) and Oklared (very f i n e sandy l o a m ) s o i l s a l s o occupy th e
northern extent of the s i t e s . C l e m v i l l e cons i s t s of 15 to 50%
c l a y s and O k l a r e d s o i l s c on ta in 10 to 44% c l a y s . A d s o r p t i o n is
a l s o d e p e n d e n t upon soil p H , o x i d a t i o n - r e d u c t i o n c o n d i t i o n s ,
and to a les ser e x t en t , on soil moisture and concentrations of
i n o r g a n i c s a l t s .

T h e ca t i on exchange c a p a c i t y o f t y p i c a l s o i l s
in the e v a p o r a t i o n sy s t em averages 51 m i l l i e q u i v a l e n t s / 1 0 0 gms
c f so i l ( T a b l e 3 - 1 3 ) . T h i s va lue i n d i c a t e s that t h e
n e g a t i v e l y - c h a r g e d , c l ay s o i l s at the s i te have a s i g n i f i c a n t
c a p a c i t y to a t t r a c t and i m m o b i l i z e p o s i t i v e l y charged ions such
as heavy metal c a t i o n i c s p e c i e s . T h i s cat ion exchange c a p a c i t y
i s not r e p r e s e n t a t i v e of the Oklared soil t y p e f o u n d in the
nor th s e c t i on o f the s i t e .

C l a y m i n e r a l s e xh ib i t d i f f e r e n t a d s o r p t i o n
p r e f e r e n c e s f o r various m e t a l l i c s p e c i e s a n d i n o r g a n i c s a l t s .
T h e r e are a f i x e d number of "ad sorp t i on sites" on the c l a y
p a r t i c l e s ; and m e t a l s p e c i e s are in c o m p e t i t i o n w i th i n o r g a n i c
s a l t s and organi c s f or these s i t e s . F a r r a h and P i c k e r i n g
( 1 9 7 6 ) f o u n d t h e f o l l o w i n g order o f p r e f e r e n c e s f o r d i f f e r e n t
c l a y m i n e r a l s :

M o n t m o r i l l o n i t e : Ca > Pb > cu > Mg > Cd > Zn
J l l i t e : Pb > Cu > Zn > Ca > Cd > Mg
K a o l i n i t e : Pb > Ca > Cu > Mg > Zn > Cd
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The pr edominant c l ay minera l s at the s i t e are
i l l i t e and k a o l i n i t e a s i n d i c a t e d by X - r a y d i f f r a c t i o n a n a l y s i s
o f t h e s l u d g e and pond bot toms s o i l s ( T a b l e 3 - 3 ) . As
i n d i c a t e d , l ead i s p r e f e r e n t i a l l y adsorbed on al l soil t y p e s ,
w h i l e zinc i s l e s s p r e f e r e n t i a l l y adsorbed and t h e r e f o r e more
m o b i l e in g e n e r a l .

S o i l g e o c h e m i s t r y o f metal s p e c i e s i s s t r o n g l y
c o n t r o l l e d b y t h e soi l p H a n d o x i d a t i o n p o t e n t i a l ( E h ) . S o i l
pH changes a f f e c t th e s u r f a c e charge on a d s o r p t i o n s i t e s and
can s o l u b i l i z e s o l i d p h a s e s o f some metal s p e c i e s , w h i l e
p r e c i p i t a t i n g o ther s . I n g e n e r a l , a l k a l i n e c o n d i t i o n s a t t h e
SDS s i t e f a v o r t h e m o b i l i t y o f zinc and chromium w h i l e
r e s t r i c t i n g th e m o b i l i t y o f nicke l and l e a d -

T h e o x i d a t i o n p o t e n t i a l a f f e c t s s t a b i l i t y o f
h y d r a t e d m e t a l o x i d e s and l eve l o f microb ia l a c t i v i t y in
s o i l s . O x i d a t i o n p o t e n t i a l s are lowered by anaerobic
c o n d i t i o n s in s o i l s caused by h i g h mo i s tur e c on t en t . The
s t a b i l i t y o f me ta l s p e c i e s i s o f t e n e xpre s s ed i n p H - E h
d i a g r a m s ; th e s e o u t l i n e s t a b l e zones f o r each meta l s p e c i e s .
The s o i l c o n d i t i o n s in the e v a p o r a t i o n sy s t em at the SDS s i t e
a r e g e n e r a l l y a l k a l i n e ( p H 8 . 0 t o 8 . 7 ) wi th l o w o x i d a t i o n
p o t e n t i a l e x p e c t e d d u r i n g tho se p o r t i o n s o f t h e year when th e
so i l mo i s tur e content is h i g h .

Chromium l e v e l s in the e v a p o r a t i o n sys t em
s o i l s ranged f r o m <1.4 to 56 m g / k g . The s u r f a c e s l u d g e at
s a m p l e l o c a t i o n 13 conta ins chromium at l e v e l s up to 207

MD

oo

3 - 6 3
RESOURCE ENGINEERING



t e g / k g . T h e ear l i er s a m p l i n g I n M a y o f 1984 d e t e c t ed chromium
l e v e l s up to 7 8 m g / k g . The pond s l u d g e at sampl e l o ca t ion 13 is
a d i f f e r e n t s a m p l e media which is not r epr e s en ta t iv e of the
evaporat ion system soi l s . S a m p l e point 13 is a worst case
s a m p l i n g po in t taken at the i n l e t c e l l to which pond wa s t ewa t e r
was pumped to in i t ia t e evaporation. As pr ev i ou s ly discussed
( p a g e 3 - 3 7 ) the u p p e r two f e e t o f mat er ia l a t th i s l o c a t i o n i s
a wea thered , organic s l u d g e and not a soil s a m p l e , in contrast
t o the o ther e v a p o r a t i o n sy s t em s a m p l e s .

Chromium m o b i l i t y is inhib i t ed by aerobic soil
c o n d i t i o n s and h i g h soil c oncen tra t i on s o f c l a y s , organic
m a t t e r , and hydrous oxides of iron, wanganese, and aluminum.
T h e e x i s t i n g soil c o n d i t i o n s o f h i g h c l a y a n d organic m a t t e r
content are more s i g n i f i c a n t than the anaerobic c o n d i t i o n s ,
which f a v o r m o b i l i t y . Overall c o n d i t i o n s in the evapora t iv e
sys tem do not f a v o r chromium m o b i l i t y . C o n s i d e r i n g the
r e l a t i v e l y l o w l e v e l s f o u n d a n d i t s t r a n s p o r t c h a r a c t e r i s t i c s ,
chromium is not l i k e l y to migrate .

C h r o m i u m e x i s t s in e i t h e r the +3 or +6
o x i d a t i o n s t a t e s ; the l a t t e r is much more tox ic . Eh and pH
c o n d i t i o n s o f the e v a p o r a t i o n sys t em p r o b a b l y f a v o r the +3
o x i d a t i o n s t a t e .
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Lead concentrations in the evaporat ion system
s o i l s ranged f r o m 5 to 188 m g / k g . The s l u d g e at s a m p l e
l o c a t i o n 13 contained a maximum of 691 t n g / k g l e ad . Eh and pH
c o n d i t i o n s in the evaporat ion system g e n e r a l l y f avor the
s t a b i l i t y o f lead carbonate ( P b C 0 3 c e r u s s i t e ) . T h i s c o n d i t i o n
is s i m i l a r to other water systems which p r e c i p i t a t e cerussite.
The e x i s t i n g soil c ond i t i on s o f high cation exchange c a p a c i t y ,
a l k a l i n e s o i l s , h igh c l a y and organic ma t t e r content i n d i c a t e
u n f a v o r a b l e c ond i t i on s f o r lead m o b i l i t y .

N i c k e l l e v e l s in the evaporat ion system ranged
f r o m <1.4 to 44 m g / k g . N i c k e l m o b i l i t y is i n h i b i t e d by aerobic
s o i l s , h igh pH and h igh c lay and organic mat t er content in
s o i l s . E x i s t i n g soil p r o p e r t i e s such as high c l a y and organic
m a t t e r content a n d a l k a l i n e c o n d i t i o n s f avor a d s o r p t i o n o f
nickel in the evaporat ion system. N i c k e l is not a concern at
the s i t e .

2inc l e v e l s in the evaporat ion sys t em s o i l s
ranged f r o m 22 to 145 m g / k g . The range of concentrat ions of
water l ea chab l e zinc in s o i l s is f r o m 2 to 30 m g / k g .

A m o n g the heavy m e t a l s , zinc was f o u n d at the
h i g h e s t l e v e l s both in s l u d g e and evaporat ion system s o i l s .
S o i l p r o p e r t i e s ind i ca t e zinc i s the least i m m o b i l i z e d heavy
metal of concern at the s i t e . The best c orre la t i on s of heavy
metal and oil and grease concentrations is with zinc. Because
of these f a c t o r s , zinc is the best p o t e n t i a l candidat e for a
heavy metal ind i ca t or paramet er .
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3.2.2 E q u i l i b r i u m P r o p e r t i e s c f organic. Contaminant s*
The d i s t r i b u t i o n of chemical s in various environmental media
can be e s t imated f r o m phys i ca l proper t i e s . A model has been
sugge s t ed by M a c K a y ( 1 9 7 9 ) based on a c h e m i c a l ' s f u g a c i t y .
F u g a c i t y is best d e f i n e d as a thermodynamic " e s cap ing
t endency*" In an environmental system at equ i l i br ium, the
f u g a c i t y of a p o l l u t a n t is the same in all phases*

M a c K a y ' s Level I model assumes a l l t h e
environmental media compartment s ( a i r , water, s o i l s , s ed iment s
and aquatic b i o t a ) are d i r e c t l y or i n d i r e c t l y connected and the
p o l l u t a n t s have the necessary time to reach equi l ibr ium. The
EPA has used th i s model in a recent series of exposure and risv

asses sment document s f o r p r i o r i t y p o l l u t a n t s ( E P A - 4 4 0 / 4 - 8 5 - 0 2 G ) .
T a b l e 3-23 pre sent s the r e su l t s of a M a c K a y

e q u i l i b r i u m model for the organic p o l l u t a n t s of concern at the
S h e r i d a n D i s p o s a l Servi c e site. T a b l e 3-23 shows the
p e r c en tage of each compound in each media phas e at equ i l i b r ium
for the s i te. The model i n d i c a t e s that the aromatic and
v o l a t i l e c h l o r i n a t e d s o l v e n t s w i l l p r e d o m i n a t e in the a ir phase
i f a l l o w e d to reach e q u i l i b r i u m . T h i s i s evident when
weathered s l u d g e c o m p o s i t i o n is compared to the pond s l u d g e .
W i t h o u t a water or oil barrier to prevent v o l a t i l i z a t i o n , these
compounds would qui ck ly evaporate f rom the s l u d g e . Model
c a l c u l a t i o n s are presented in A p p e n d i x 3C.
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The model pr ed i c t s phenol and
2 ,4-d i ch l oropheno l as the m a j o r contaminants which would be
present in the water phase. T h i s is consistent with GC/MS
a n a l y s i s of the pond water and the s o l u b i l i t y data for these
compounds . PCBs and PNAs wi l l remain p r i m a r i l y adsorbed in the
s ed iment s . The phys i ca l p r o p e r t i e s o f the m a j o r organic
compounds at the site which are most important in as se s s ing
transpor t charac t er i s t i c s are presented in T a b l e 3-24.
( R e p r e s e n t a t i v e compounds were t a b u l a t e d for the chemical
group s of PCBs and PNAs.) A summary of the s i g n i f i c a n c e of
these p r o p e r t i e s f o l l o w s ,

Phenol has an order of m a g n i t u d e of greater
water s o l u b i l i t y ( 9 3 , 0 0 0 m g / 1 ) than the other organic compounds
of concern. T h i s e x p l a i n s its predominance in the pond
storiawuter ( T a b l e 3-10) . The v o l a t i l e ch l or ina t ed s o lv en t s and
2 , 4 - d i c h l o r o p h e n o l are a l so s l i g h t l y s o l u b l e , wh i l e PCBs and
PNAs are r e l a t i v e l y i n s o l u b l e . S i n c e chemical transport via
groundwater and s u r f a c e water is h i g h l y d e p e n d e n t upon water
s o l u b i l i t y , t h i s is an important variable .

V a p o r pres sures , expres sed in mmHg ( 7 6 0 m m H g =
1 a t m o s p h e r e ) , ind i ca t e c h l o r o f o r m , t r i c h l o r o e t h y l e n e , and
benzene are the most v o l a t i l e compounds present at the s i t e ;
PCBs and PNAs are s l i g h t l y to n o n v o l a t i l e . A c h e m i c a l ' s rate
o f v o l a t i l i z a t i o n f r o m water i s e s t imated f rom H e n r y ' s l a w
cons tant , with v o l a t i l i z a t i o n rates decreasing with decreasing
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H e n r y ' s l a w constants. V o l a t i l i z a t i o n rates f o r t h e organics
of concern wi l l be discussed f u r t h e r in Sec t i on 3.2.3.

The soil adsorpt ion p a r t i t i o n c o e f f i c i e n t i
(Koc) is a measure of a c o m p o u n d ' s t endency to be adsorbed by
c lay minerals and organic matter. S o i l ad sorp t i on tendencies
increase with increa s ing Koc values.

T h e octonol-water p a r t i t i o n c o e f f i c i e n t ( K o w )
is an important parameter used to e s t imate a wide range of
environmental t ran spor t charac t er i s t i c s . Kow is a measure of
how a chemical is d i s t r i b u t e d when at equil ibrium condi t ions
with water a n d o c t o n o l , i d e n t i f y i n g i t s p r e f e r e n t i a l s o l u b i l i t y
in a two-phase wa t er /organi c matrix.

T h e b i o l o g i c a l concentration f a c t o r ( B C F ) i s
the ratio of the concentration of a chemical at equil ibrium in
f i s h to the mean concentration of that chemical in water to
which the f i s h is e x p o s e d . The BCF is used to determine the
s i g n i f i c a n c e of f o o d chain accumulat ion of a chemical.

3.2.3 V o l a t i l i z a t i o n - As shown in the M a c K a y m o d e l ,
v o l a t i l i z a t i o n is probab ly the most important t r a n s f e r
mechani sm at the S h e r i d a n s i t e since most of the c ompounds of
concern are v o l a t i l e . V o l a t i l i z a t i o n f r o m the aqueous phase is
d e p e n d e n t upon a c h e m i c a l ' s s o l u b i l i t y , vapor pre s sure ,
m o l e c u l a r w e i g h t , and the number and compos i t ion of l iquid
i n t e r f a c e s it must pas s through to reach the atmosphere.
V o l a t i l i z a t i o n is a l s o d e p e n d e n t upon ambient condit ions such

OJ
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T h e

as wind s p e e d , t e m p e r a t u r e , and r e la t iv e h u m i d i t y . T a b l e 3-25
de s c r i b e s th e r e l a t i v e v o l a t i l i t y f r o m water o f th e organic s o f
concern.

The EPA has r e c e n t l y c o m p l e t e d a s t u d y
e n t i t l e d ( E P A - 4 5 0 / 3 - 8 5 - 0 0 7 , 1 9 8 5 ) "Phys i ca l Chemica l
P r o p e r t i e s and C a t e g o r i z a t i o n o f RCRA W a s t e s A c c o r d i n g t o
V o l a t i l i t y " which c o n t a i n s d a t a o n r e l a t i v e v o l a t i l i z a t i o n
rates f r o m dry and wet s o i l s . T a b l e 3-26 summarize s the
a v a i l a b l e d a t a f o r t h e organic c o m p o u n d s o f concern.
r e l a t i v e v o l a t i l i t y v a l u e s a r e c a t e g o r i z e d w i t h i n T a b l e 3-26.

3.2 .4 B i o d e g t a d a t ion - B i o d e g r a d a t i o n is a
s i g n i f i c a n t removal me chan i sm f or organi c s f r o m soil and water
sy s t ems* H i g h e r o rgan i sms can m e t a b o l i z e o r g a n i c s , bu t the
m a j o r i t y o f b i o d e g r a d a t i o n occurs through mi crob ia l
d e g r a d a t i o n . M i c r o b i a l b i o d e g r a d a t i o n i s t h e basi s f o r
a c t i v a t e d s l u d g e t r ea tment o f i n d u s t r i a l wa s t ewat er s which
contain organic s such as p h e n o l .

M i c r o o r g a n i s m s b i o d e g r a d e organic s through
a c c l i m a t i o n a n d p r o d u c t i o n o f s p e c i f i c enzymes f o r m e t a b o l i s m .
S p e c i f i c enzyme r eac t i ons which a r e a p p l i c a b l e are;

• p x i d a t j v e d e a l k y l a t i p n as in the
d e g r a d a t i o n o f x y l e n e and t o l u e n e ;

• aromat i c h y d r o x y l a t i o n as in the react ion
of benzene to ph eno l and c a t e c h o l ; and

3 - 7 2
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Table J-25
Relative Vola t i l i ty f r c p Hater of Organic

Ocnpound V o l a t i l i t y H e n r y ' s l a w Vola t i l i za t i onConstant H a l f - L i f e t l / jH ( A I M ~ M 3 / M D L ) (Hours) / a )

thenol

RCAs2 1 4-Dichlorophenol

The conpound is less vola-t i l e than water and itsconcentration will increaseas the water evaporates.
Ihe ccrpound vo la t i l i z e s ata rate dependent on H. Ihegas-phase is more resistantthan the liquid phase by atleast a factor of 10. S l o wmolecular d i f f u s i o n throughair controls the rate ofvolat i l izat ion.

l f 1,1-Trichloroethane T h e ccnpound vo la t i l i z e sChloro form r a p i d l y ; the liquid-phaseBenzene resistance controls theToluene rate of volat i l izat ion.Ethylbenzene

H< 3xlO"7

1CT7 < H <1<T5

H >

TetrachloroethyleneTrichloroe thylene
NA - Not available.

(a) 1 meter mean depth of water body
Source - Lyman, W . J . , Reehl, W . F . , Rosenblatt, P . H . 1982.Handbook of Chemical Property _ Es tLiat ion _ t f e t h o d s ,En\rironr^entalI t o G r a w - H i l l . Behavior of Organic Conpounds New York:
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T a b l e 3*26
V o l a t i l i t y o f Organics f rom S o i l

C o m p o u n d R e l a t i v e D r y S o i lV o l a t i l i t y _( P yp -1/4)"
C h l o r o f o r m
Benzene
1 , 1 , 1 T r i c h l o r o e t h a n e
T o l u e n e
T e t r a c h l o r o e t h y l e n e
E t h y l Benzene
( m , p , o ) - X y l e n e
P h e n o l
P C B s
P N A s

51.6
34.3
3 3 . 9

S . 6
5.0
2.2

0.98 - 2.05
0.2

1 . 9 X 1 C T 5

4 . 8 X 1 0 - H

R e l a t i v e W e t soilV o l a t i l i t y
( P V p M W " 1 / 2 J

15.8
11.4
10.1

2.8
1.4
0.68

0.27 - 0.31
0.064

4 . 5 X 1 0 - 6

I P -CM

oo

S o u r c e : U . S . E P A , 1 9 8 5 . E P A - 4 5 0 / 3 - 8 5 - 0 0 7 . " P h y s i c a l C h e m i c a lP r o p e r t i e s and C a t e g o r i z a t i o n of RCRA W a s t e s a c cord ingt o V o l a t i l i t y "

• H i g h l y v o l a t i l e - R e l a t i v e soil v o l a t i l i t y greaterthan 1.• M o d e r a t e l y v o l a t i l e - R e l a t i v e soil v o l a t i l i t y f r o m 1to 10~3,« S l i g h t l y v o l a t i l e - R e l a t i v e so i l v o l a t i l i t y f r o m10~3 to 10~6.• N o n v o l a t i l e - R e l a t i v e soil v o l a t i l i t y be low lo~6.
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• aromat i c n o n - h e t e r o c y c l i c _ ring c l e a v a g e
as in the d e g r a d a t i o n of c a t e cho l s and p h e n o l s .

T h e m i c roorgan i sms p r i m a r i l y r e s p o n s i b l e f o r b i o d e g r a d a t i o n
i n c l u d e p r o t o z o a , d i omyce t e s and yea s t s , f u n g i , some
a u t o t r o p h i c b a c t e r i a , a n d h e t e r o t r o p h i c bac ter ia. T h e m a j o r i t y
of m i c r o o r g a n i s m s are f o u n d in the top 6 inches of s o i l ; their
number averages 1 0 8 / g m o f soil in t y p i c a l soi l sy s t ems ( L y m a n
e t a l , ) 1 9 S 2 .

F a c t o r s which i n f l u e n c e t h e rate o f
b i o d e g r a d a t i o n i n c l u d e :

• Ambient^ c o n d i t i o n s : t e m p e r a t u r e , p H ,
soi l m o i s t u r e c o n t e n t , oxygen a v a i l a b i l i t y , inorgani c
s a l t c o n c e n t r a t i o n , a n d a v a i l a b i l i t y o f n u t r i e n t s
such as n i t r o g e n and p h o s p h o r o u s .

• O r g a n i c compound _ c h a r a c t e r i s t i c s ;
t o x i c i t y o f c o m p o u n d , i n i t i a l c o n c e n t r a t i o n , soil
a d s o r p t i o n and water s o l u b i l i t y p r o p e r t i e s .

• M i c r o o r g a n i s m c h a r a c t e r i s t i c s : s p e c i e s
d i v e r s i t y , so i l c o n c e n t r a t i o n o f o r g a n i s m s , enzyme
m e t a b o l i s m s y s t e m s a v a i l a b l e , pr ev i ou s e x p o s u r e and
a c c l i m a t i o n t o t h e s p e c i f i c organic c o m p o u n d .

T a b l e 3-27 is a c o m p a r i s o n of the
b i o d e g r a d a b i l i t y o f the s i g n i f i c a n t organic c on taminant s at the
S h e r i d a n D i s p o s a l Serv i c e s i t e . A l t h o u g h the 8005 test i s not
s t a n d a r d i z e d , it does a l l o w for r e l a t i v e compari sons such as in

00
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T a b l e 3-27
B i o d e g r a d a b i i i t y o f Organic Contaminant s

C o m p o u n d B O D 5 / C O DR a t i o
A v e r a g eH a t e o fB i o d e g r a d a t i o n( M g CODg-1 H I T 1 )

C h l o r o f o r m
T e t r a c h l o r o -e t h y l e n e

O - X y l e n e
K - X y l e n e

-0

-0

<0.008
<0.008

R e l a t i v e l y N o n b i o d e g r a d a b l e

E t h y l b e n z e n e <0.009
F - X y l e n e <0.11
T o l u e n e <0.12
Benzene <0.39
2 , 4 - D i c h l o r o -P h e n o l
P h e n o l

C r e s o l s
B e n z a l d e h y d e
B e n z o l e A c i d

0.78
0.81

R e l a t i v e l y B i o d e g r a d a b l e
1002

1002

1002

N / A
N / A
N / A

98.0
98.5

Common D e g r a d a t i o n P r o d u c t s
0.57 - 0.68 95-96
0.62 99.0
0.84 99 .0

N / A
N / A
N / A
N / A
N / A
N / A

10.5
80.0

55 .0
119.0

88.5
N O T E : N / A - N o t a v a i l a b l e1 - The BOD5 tes t is d e p e n d e n t on the a c c l i m a t i o n of thei n i t i a l seed organi sms and t h e r e f o r e r e s u l t s may not bed i r e c t l y c o m p a r a b l e f o r a l l compounds

S o u r c e s - F i t t e r ( 1 9 7 6 ) a n d Lyman ( 1 9 8 2 )
2 - S a m i s o n , V . W . , D . L . Raymond , a n d J . D H u d s o n ," B i o d e g r a d a t i o n o f H i g h - O c t a n e G a s o l i n e . " 1976.
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T a b l e 3-27. Aft i n d i c a t e d in that t a b l e , b i o d e g r a d a t i o n i s a
s i g n i f i c a n t e n v i r o n m e n t a l f a t e p a t h f o r t o l u e n e , b enzene , 2 ,
4 - d i c h l o r o p h e n o l and p h e n o l , as wel l as for d e a l k y l a t i o n and
h y d r o x y l a t i o n d e g r a d a t i o n p r o d u c t s o f nor* c o m p l e x organic e .

The b i o d e g r a d a t i o n rate o f p h e n o l ha s been
e x t e n s i v e l y s t u d i e d i n v a s t e w a t e r t r e a t m e n t s y s t e m s * Pas t
s t u d i e s ind i ca t e k ine t i c reduct ion rates of 0.013 to 7.6
u g / l / h r . The a c c l i m a t i o n o f organi sms t o phenol i s th e f a c t o r
w h i c h most a f f e c t s b i o d e g r a d a t i o n rate s . A t c o n c e n t r a t i o n s u p
to 10 m g / 1 a l m o s t c o m p l e t e d e g r a d a t i o n occurs. Oxygen u p t a k e
in water systems is inhib i t ed by phenol concentrat ions of 10 to
100 m g / 1 , but microorganisms have been observed to treat phenol
l e v e l s o f up to 500 r n g / 1 s u c c e s s f u l l y . S i n c e p h e n o l i s the
m a j o r organi c c ompound o f concern in the pond s t o r m w a t e r ,
b i o l o g i c a l treatment i s a p o s s i b l e remedial treatment for pond
s tormwater E P A - 4 4 0 / 4 - 8 5 - 0 1 3 , 1981 "An Exposure and Risk
A s s e s s m e n t f o r P h e n o l " ,

The d i s c h a r g e o f ph eno l to water sy s t ems can
cause r a p i d growth of microbial p o p u l a t i o n s which can cause
d i s s o l v e d oxygen l e v e l s to be reduced up to 100%. S i g n i f i c a n t
oxygen d e p l e t i o n causes s u f f o c a t i o n o f f i s h a n d inver t e bra t e s .
T h i s i s t h e most l i k e l y e x p l a n a t i o n f o r t h e C l a r k Lake f i s h
k i l l which was reported in 1978. T a b l e 3-28 is a summary of
p o t e n t i a l e f f e c t s o f a phenol s p i l l in a river system. It
shou ld be noted that the pond s tormwater has a phenol
c onc en t ra t i on of 3.5 ppm which i& only m a r g i n a l l y toxic to

O
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T a b l e 3-28
E f f e c t s o f a Phenol S p i l l on a River S y s t e m

P h e n o lc o n c e n t r a t i o n
10

OxygenD e f i c i e n c y( I )
30 - 90

O <50

E f f e c t

O n l y s a l m o n i dp o p u l a t i o n k i l l e d ;s l i g h t e f f e c t onaquat i c f l o r a .
N o d a m a g e .

S o u r c e : K r o m b a c h a n d B a r t h e l , 1964. " I n v e s t i g a t i o n o f a S m a l lW a t e r - C o u r s e A c c i d e n t a l l y P o l l u t e d b y P h e n o l C o m p o u n d s , " A d v .W a s . P o l l u t . Res. 1 : 191-203. — —

s a l m o n i d p o p u l a t i o n s . C o n s i d e r i n g phenol a lone, t h e e f f e c t s o f
a m a j o r s t ormwater s p i l l would impac t o n l y C l a r k Lake a n d l o c a l
dra in s and creeks. The Brazos River would not be adver s e ly
a f f e c t e d d u e t o d i l u t i o n c o n s i d e r a t i o n s .

T o l u e n e b i o d e g r a d a t i o n in s o i l s is a
s i g n i f i c a n t environmenta l f a t e proce s s . The EPA r e p o r t e d in a
document e n t i t l e d ( E P A - 4 4 0 / 4 8 5 - 0 1 6 , da t e "An E x p o s u r e and Ri sk
A s s e s s m e n t f o r T o l u e n e " ( E P A - 4 4 0 / 4 8 5 - 0 1 6 ) that re searchers have
measured the d e g r a d a t i o n h a l f - l i f e of t o l u e n e to be 20 to 60
m i n u t e s in soil w i th a c c l i m a t e d bacteria. U l t i m a t e
b i o d e g r a d a t i o n rate c o m p l e t i o n s of 20 to 60% are observed in
t e s t s i n v o l v i n g t o l u e n e l ea cha t e through sandy s o i l s . F i g u r e
3-18 shows th e t y p i c a l b i o d e g r a d a t i o n p a t h w a y s f or t o luene .
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The m a j o r i t y of the t o lu ene at the s i t e is in
the pond s l u d g e under anaerobic c ond i t i on s* A n a e r o b i c
b i o d e g r a d a t i o n occurs at a rate 20 to 40 t imes s lower than
aerobic b i o d e g r a d a t i o n . T h e most l i k e l y f a t e o f t o lu ene
t r a n s f e r r e d to the e v a p o r a t i o n sys t em through pond stormwater
would be b i o d e g r a d a t i o n under aerobic c o n d i t i o n s or
v o l a t i l i z a t i o n .

3 * 2 . 5 C f r e j a i c a l . _ T r a n s f o r m a t i o n - C h e m i c a l react ions
are the m a j o r removal p a t h for v o l a t i l e organi c s in the
a t m o s p h e r e . A t m o s p h e r i c r eac t i ons occur wi th h y d r o x y l r a d i c a l s
( O H " ) ; ozone ( 0 3 ) a n d through p h o t o l y s i s . F o r most organic

c o m p o u n d s reac t ions wi th hydroxy l r a d i c a l s are by far the most
i m p o r t a n t . S i n c e these reac t ions are b a s i c a l l y f i r s t order in
k i n e t i c s , t h e i r h a l f - l i v e s in the environment can be e s t i m a t e d .

Benzene and its a l k y l s u b s t i t u t e s do not
a d s o r b s u n l i g h t or undergo p h o t o l y s i s . P h o t o l y s i s i s
s i g n i f i c a n t o n l y f o r P C B s a n d P N A s . B e n z o ( a ) p y r e n e , a P N A ,
has been r e p o r t e d t o have a s u n l i g h t h a l f l i f e o f 0.045 days
a n d 2 , 2 ' , 5 , 5 * t e t r a c h l o r o b i p h e n y l a h a l f l i f e o f 2 . 5 d a y s
( E P A - 4 4 0 / 4 - 8 5 - 0 1 9 ) .

Aqueou s h y d r o l y s i s i s another s i g n i f i c a n t
chemical t r a n s f o r m a t i o n in the environment. H o w e v e r ,
f u n c t i o n a l g r o u p s which ar e r e s i s t a n t t o h y d r o l y s i s i n c l u d e :

• benzene
• b i p h e n y l

3 - 8 0
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• p o l y c y c l i c aromatic hydrocarbons
• h a l o g e n a t e d hydrocarbons
• p h e n o l s .

T h i s l i s t in c lude s the organics of concern at
the SDS s i t e ; t h e r e f o r e aqueous h y d r o l y s i s i s not c on s ider ed a
s i g n i f i c a n t f a t e p a t h .

T a b l e 3-29 conta ins a summary of the
p e r s i s t e n c e of the o r g a n i c s of concern in both the a t m o s p h e r e
and in s u r f a c e water which takes into account all s i g n i f i c a n t
d e g r a d a t i o n p a t h w a y s .
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persistence of
Mdg 3-29

gr Organic Ctantanimnts at the
fiheridan Disposal Services Si t e

Compound
Atmospheric HydroxylRadical Reaction HateIn CM 3

AtmosphericH a l f L i f e 1

t i / 2 (Days)
SurfaceWaterH a l f U f a

t l / 2
Xylene
Ethyl Benzene
Toluene
Trichloroe thylene
Fhenol
R t A ' s ( B e n z o ( a ) p y r e n e ) 2

Benzene
2,4- Dichlorcfhenol
Tetra Chloroethylene
Poiychlorinated

Biphenyls ( P C S s )
Chloro form
1,1,1- Trichloroethane

1.3 X 10'" 1
7.5 x 10"12

5.9 x 1 C T 1 2

2.0 x 10"13

1.4 X H T 1 2

1.7 x 10"14

1.1 X 10"14

1.5 x 1CT 1 5

0.62
1.1
1.3
4.0
0.62 - 9.0

1*0 - 60
5.7

23
47

58.0
73

530

1.5 - 9.0
1.5 - 7.5
0.17
1 - 9 0
0.62 - 9.0
0.40
1.0 - 6.0
6.0
1 - 3 0

2.0 - 12.9
0.3 - 30
0.14 - 7.0

1 - DTvironmental ha l f - l iv e s are based on 24-hr days assuming an atarosphericOH~ concentration of 1 x 106 radicals C*T 3 .2 - Benzo(a)pyrene has a reported h a l f - l i f e in soil of 420-480 days.
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4 . 0 H Y D R O G E O L O C Y A H D S O I L S
T h e h y d r o g e o l o g i c a l a n d n o i l s i n v e s t i g a t i o n f o r t h e

S h e r i d a n D i s p o s a l S e r v i c e ( 5 D S ) s i t e c on s i s t e d o f t w o main

* h i s t o r i c a l da ta review, and
• f i e l d i n v e s t i g a t i o n s .

T h e h i s t o r i c a l d a t a review w a s r e g i o n a l , w h i l e t h e f i e l d
I n v e s t i g a t i o n s were s i t e s p e c i f i c .

T h e h i s t o r i c a l d a t a review w a s based m a i n l y o n p u b l i s h e d
A n d u n p u b l i s h e d r e p o r t s o n t h e area. I t y i e l d e d enough
i n f o r m a t i o n t o f o r m u l a t e a w o r k i n g c o n c e p t u a l mode l o f t h e
g r o u n d w a t e r f l o w s y s t e m . T h i s mode l w a s used t o d e s i g n t h e
s i t e - s p e c i f i c , f i e l d i n v e s t i g a t i o n a c t i v i t i e s .

T w e n t y m o n i t o r i n g w e l l s , 9 borings and 20 cone
p e n e t r o r o e t e r s ound ing s p r o v i d e d site s p e c i f i c , d a t a - g a t h e r i n g
p o i n t s f o r s o i l s , g e o l o g i c a l a n d h y d r o g e o l o g i c a l , i n f o r m a t i o n .
The l o c a t i o n o f t h e s e i n v e s t i g a t i o n s i s shown on F i g u r e 4-3.

T h e f o l l o w i n g s u b s e c t i o n s p r e s e n t t h e c onc lu s i on s f r o m t h e
h y d r o g e o l c g i c a n d s o i l s i n v e s t i g a t i o n . R e f i n e d c o n c e p t u a l
m o d e l and m e t h p t i s and p r o c e d u r e s p r e s e n t e d in S e c t i o n s 4.2 -
4 . 6 a n d A p p e n d i c e s 4 A - 4 H , r e s p e c t i v e l y , s u p p o r t the s e
c o n c l u s i o n s .
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4.1 C o n c l u s i o n s

The two near- sur fa c e a q u i f e r sy s t ems
i m m e d i a t e l y beneath the s i te consist of an
u p p e r u n c o n f i n e d a q u i f e r ( S t r a t a A and B) and
a c o n f i n e d water t a b l e a q u i f e r ( S t r a t u m D ) . A

J c l a y aguitard ( S t r a t u m C ) separates t h e
c o n f i n e d a q u i f e r f r o m t h e u n c o n f i n e d a q u i f e r .
T h e r e i s t h e p o t e n t i a l f o r a h y d r a u l i c
connect ion between the water t a b l e a q u i f e r
( S t r a t u m B ) a n d t h e f i r s t c o n f i n e d a q u i f e r
( S t r a t u m D ) a t t h e S D S s i t e . H o w e v e r , t h e
r e a l i z a t i o n o f t h i s connec t ion i s u n l i k e l y in
view o f t h e p r e d o m i n a n t l y upward g r a d i e n t f r o m
t h e c o n f i n e d a q u i f e r .
The water t a b l e a q u i f e r i s in d i r e c t h y d r a u l i c
c onne c t i on wi th the Brazos River at the SDS
s i t e . T h e f i r s t c o n f i n e d a q u i f e r m a y b e
h y d r a u l i c a l l y connected to the Brazos River.
T h e r e are no f a u l t s or other g e o l o g i c a l
f e a t u r e s near the s i t e that could p r o v i d e

>r contaminantpa thways
zones

migrat d e e p e r
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• There is no h y d r o l o g i c pathway which would
transmit contaminants f r o m the water t a b l e
a q u i f e r ( S t r a t a A and B) thru the Brazos River
into t h e f i r s t c o n f i n e d a q u i f e r ( S t r a t u m D ) .

• G r o u n d w a t e r f l o w w i t h i n t h e s i te boundary f r o m
the u p p e r water t a b l e ( S t r a t a A and B) into
the Brazos River i s a p p r o x i m a t e l y 7.1 g a l l o n s
per minute ( g p m ) . The Brazos river f l o w at
H e m p s t e a d S t a t i o n i s a p p r o x i m a t e l y 1 . 2 m i l l i o n
g p m d u r i n g l o w f l o w c o n d i t i o n s .

4 . 2 G e o l o g y
4.2.1 R e g i o n a l G e o l o g y - T h e S h e r i d a n D i s p o s a l

S e r v i c e ( S D S ) s i t e i s l o c a t e d i n t h e Brazos River d r a i n a g e
basin. The Brazos Rivor f l o w s across the Central T e x a s sect ion
o f the G r e a t P l a i n s P h y s i o g r a p h i c Province onto and across the
W e s t G u l f C o a s t a l s e c t i on o f t h e C o a s t a l P l a i n Province . T h e
Brazos River d i s c h a r g e s into t h e G u l f o f M e x i c o near F r e e p o r t ,
T e x a s .

The Brazos River d r a i n a g e basin has evo lv ed
t h r o u g h numerous g e o l o g i c c y c l e s . T h e l a t e s t c y c l e s r e l a t e t o
the e p i s o d i c advance and retreat of g la c i e r s during the
P l e i s t o c e n e E p o c h . The advance and retreat o f th e g l a c i e r s
caused p e r i o d s o f d e p o s i t i o n a l t e r n a t i n g w i th p e r i o d s o f
erosion. As g l a c i e r s advanced and sea level was l owered ,
s treams f l o w i n g across t h e G u l f C o a s t a l P l a i n entrenched
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t h e m s e l v e s by e r o d i n g v e r t i c a l l y . As g l a c i e r s r e t r e a t e d , s ea
l eve l rose, and sediment began f i l l i n g these stream channel s .

Many u n c o n s o l i d a t e d s ed imentary uni t s are
exposed in the Brazos River d r a i n a g e basin. Seven g e o l o g i c
u n i t s crop out between the SDS s i te and the G u l f o f M e x i c o .
F i g u r e 4-1 shows the l o c a t i o n of these uni t s between the SDS
s i t e and northern F o r t Bend County . F r o m o l d e s t to y o u n g e s t ,
th ey i n c l u d e : F l e m i n g F o r m a t i o n , G o l i a d S a n d , W i l l i s S a n d ,
B e n t l e y F o r m a t i o n , M o n t g o m e r y F o r m a t i o n , Beaumont C l a y , a n d
recent a l l u v i u m o f the Brazos River. T h e i r general
c h a r a c t e r i s t i c s are p r o f i l e d in T a b l e 4-1.

The seven un i t s ( f o r m a t i o n s ) are composed o f
u n c o n s o l i d a t e d , i n t e r b e d d e d s a n d , s i l t , a n d c l a y . U n i t
t h i c k n e s s and water b ear ing c h a r a c t e r i s t i c s vary wi th
l o c a t i o n . G e n e r a l l y , each o f the seven unit s may y i e l d s m a l l
t o l a r g e amounts o f f r e s h or s l i g h t l y s a l i n e water f r o m th e i r
more p e r m e a b l e zones.

T h e s e f o r m a t i o n s were d e p o s i t e d under a
v a r i e t y o f c o n d i t i o n s i n c l u d i n g marine , c o n t i n e n t a l a n d
i n t e r m e d i a t e ( m i x e d ) . Y o u n g e r uni t s crop ou t near the c oa s t ,
w h i l e o l d e r un i t s a p p e a r f a r t h e r i n l a n d a t h igher e l e v a t i o n s .
T h e u n i t s tend t o d i p more s t e e p l y a n d t h i c k e n t o w a r d s t h e G u l f
o f M e x i c o . *&

As shown in F i g u r e 4-1, the SDS s i t e i s
l o c a t e d in the recent a l l u v i u m of the Brazos River. The recent
a l l u v i u m o f t h e s i t e over l i e s t h e F l e m i n g F o r m a t i o n . T h e
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General a twpos i t l or InAust in and W a l l e r Counties

taconsol iditad gray, beam, tndreddish-brown clay, a l l t , andaandy clay, oasnonly overlyingl ight-colored sand or coarser-gcalnpd am) and gravel.

i t o t t l ed red, reddish-cram, beamand gray, dense clay with whiteCalcareous nodulta. My omtainlenses of Cine and »ediu»-gralned sand or aand and grsvalin {daces.
Ught gray to l igh t beam, f ine-grained aand, s i l t , and clay,probably grading wi th dep th todarker-col 01 ed coarecr ssnd andIn p lace s faeaal send inA gravel.

A l t e r n s t l n q bed* of redOleh-branito y e l l o w and gray, •ottl«dclay interbedded with greyl ih ,f ine- to ooaiae-^rained nndmd gravel leraeB. S c a t t e r e dl en t i l B of llM-oeaentedaandetone. Qay, eandy clay,end f i n e etnd pcedaninate Inthe ifffi p a r t , dark«r-coloredooaraer aand and gravel in thelower p a r t .
U t « r m t l n g b*d» of tot tied red,y e l l o w , brown, and gray cloyand und wi th acattered lenaesixiaorted aand and quartz gravel.F e r r u g i n o u s nodule* ooenon.tedied end hard In f r e a h e*po-aur««. Baaal part It tvualiy* hard, gravel ly eand and clay.
H h l t « to ^ay, s t i cky, calcareousclay with interbedded lenae* ofl l g h t - o o l o r e d , g r a v e l l y aandand 1 tae-oercntcd aanditone.Black chart grains in t f i ewhi t i sh und give a aalt andp e p p e r e f f e c t .

Interbedded clay and aandi clayp c e d c m i r t n t l y in the i f p e rCrt. Bw blocky, dense clayvarious shade* of gr«y,y e l l o w , ol ive, end beam,M d t e calcareous nodules ireCoanon. and la gray to beam,beam, Intarbedded with graycley. eand !• »*dlun to f inegrained and o f t e n creaa-tedded.
A l t e r n a t i n g beds of gray c lay,t u f f , and and. Lower eandie«y be hard, white, end haveopaline oppaarmnoe.

A l t e r n f l t l n g beds of gray cant,sAndstone, «nd shale.

Sur fa c e expressions

Occurs f c l o n g the tsnk« ofSBillcr stresw and inthe f l o o d p la in of theBrazos River. I t a r l yGat plain, f on t sI eddish to dark-bromand black soils.
occurs on\y along thef r i n g e s of the BreaosUver f l o o d plain.fonw nsarly f l a t , narrowplain. Soi l s are grayto black, bloe*y.
M u r l y f l a t , f a s twe l e e sp l a i n t soils are l i g h tcolored, fine-grainedeandy. Occurs onlyalong southern edge ofaces.
Pom f l e t {dains In tneaoutltern one-third oftne countlc s t sxwt oftne rice-crowing area ison the outcrop. Poresl ight-colored eandyloar. soils.

forma the g e n t l y - r o l l i n gsand h i l l s of northernK a l l e r Cbunty end centralAustin Q>unty. f to e t <±the gravel p i t s In A u s t i nCounty ere In the basalW i l l is. f erns tan sandyse l l s .
Occurt ss i solated surfacecqosur«s becsuse theGollad is overlapped bythe W i l l la Sand or Ises^Uy nsoved by erosiont b r M f gray, sticky so i l s ,t kua l ly occurs alongval l ey bottom and wal l s .
rocei the ro l l ing andAtsccated t o p x j r t t r i yo£ northern Aus t inQHnty. Vbms gr»y toblack loan end sandylam toils.

Does not crop out in Aust inor W a l l e r Ountiea.D i f f i c u l t to dist inguishf n » overlying F l e B l o g•omation in both Rurtacet j f n s u r a s and In welllogs.
Does not crop out in A u s t i nor W a l l e r QHti t i e s .

Kater-beaxing p r o p e r t i e s inAust in and W a l l e r Qxmies
Y i e l d s S H d l to large snounte off r e sh water in the f l o o d p la in oftoe Brazos River.

X i e l d s avail to aooerate emowite ofH*t«r bo scattered s t i a l l o v wel iEleas than 100 f e e t dr«p along theadge Of the Breaos Kiver f U o o oplain.

Y i e l d s snail soOunts of water toacatUred shallow w e l l s .

Qmtributes snail to moderateanounts of f ras f i water to doneeilcwe l l s in th« aoutrern part o£ Ui«cresi prohshly represented by theuf£erooat amnds screened in tA«aewells.

Y i e l d s smell to luge smounca off r e s h water to w e l l e .

Y i e l d s l a r g e emounte o f f r e s h waterto wells.

Y i e l d s small to large arcuits off r e s h to s l i g h t l y saline watet.

Mry yie ld snail w-ouita of f r e s hwater In the w>*t mrtrtcrnpart of Atar t tn CBiti ty. Qeneriiiywntsr U st least s l i g h t l y saline.

Would yie ld only saline water.

in̂rint̂oo
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F l e m i n g F o r m a t i o n i s a th i ck f o r m a t i o n o f i n t e r b e d d e d c lay and
sand wi th c l a y p r e d o m i n a n t l y in the u p p e r p a r t .

No f a u l t s with s u r f a c e e x p r e s s i o n occur in
northern W a l l e r and W a s h i n g t o n counties shown on the A u s t i n
sheet o f t h e G e o l o g i c A t l a s o f T e x a s . N o g e o l o g i c l i t e r a t u r e
f or th e area r e p o r t s f a u l t s o r f a u l t i n g a t th e SDS s i te .
S u r f a c e and s u b s u r f a c e i n v e s t i g a t i o n s conducted by Resource
E n g i n e e r i n g , I n c . ( R E I ) revea l ed n o ev idence o f f a u l t i n g a t t h e
S D S s i t e .

T h e H o c k l e y e s carpment a n d K o c k l e y S a l t Dome
lie a p p r o x i m a t e l y 18 mi l e s south of the s i t e; the M i l l i c a n
f a u l t zone l i e s a p p r o x i m a t e l y 2 0 m i l e s t o t h e north. H o w e v e r ,
t h er e is no ev idenc e that e i t h e r the H o c k l e y e s carpment or the
M i l l i c a n f a u l t zone have a s t ruc tura l or h y d r o l o g i c i n f l u e n c e
on th e SDS s i t e .

4 . 2 . 2 A l l u v i u m - S e a l eve l change s a s s o c i a t e d wi th
the advance and retreat o f the g l a c i e r s d u r i n g the P l e i s t o c e n e
c o n t r o l l e d a l l u v i a l d e p o s i t s . Sea l e v e l s d e c l i n e d a s water
a c c u m u l a t e d in g l a c i e r s d u r i n g g l a c i a l e x p a n s i o n . As they
f l o w e d t o t h e more d i s t a n t c o a s t l i n e s , rivers d r a i n i n g th e
coastal region o f T e x a s entrenched their v a l l e y s . Sea l e v e l s
rose to s i m i l a r pr e s en t day l e v e l s when the g l a c i e r s r e c ed ed .
T h e river v a l l e y s f i l l e d w i th a l l u v i u m dur ing i n t e r g l a c i a l
p e r i o d s a s th e s treams a g g r a d e d t h e i r c h a n n e l s . D e p o s i t i o n o f
s ed iment was m a i n l y , as it is t o d a y , in the stream channe l s and
on the f l o o d p l a i n s d u r i n g over bank f l o w .
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T h e c o m p o s i t i o n o f t h e f l o o d p l a i n a l l u v i u m
varies l a t e r a l l y and v e r t i c a l l y . The lenses of sand, s i l t ,
c l a y , and gravel are unconsol idated and pinch out or grade
l a t e r a l l y and v e r t i c a l l y into f i n e r or coarser m a t e r i a l s .
G e n e r a l l y , t h e f i n e - g r a i n e d mater ia l occurs i n , t h e u p p e r p u - ' t
of the d e p o s i t ; the g r a v e l , whether ?iixed with sand and c lay or
c lean and wel l sor t ed, is o f t e n f ound in the lower part of the
d e p o s i t . A t y p i c a l a g g r a d i n g sequence c on s i s t s o f coarser
m a t e r i a l at the base, g r a d i n g u p w a r d s to c l a y at the t o p .

The a l l u v i u m a l o n g the Brazos River i s d i v i d e d
into two t y p e s : terrace and f l o o d p l a i n . Terrace a l l u v i u m ,
d e p o s i t e d in an e a r l i e r river c y c l e , is c u r r e n t l y f o u n d above
a n d a d j a c e n t t o t h e pre s en t f l o o d p l a i n . I n p l a c e s , t h e terrace
a l l u v i u m i s g e o l o g i c a l l y a n d h y d r o g i c a l l y i s o l a t e d f r o m t h e
f l o o d p l a i n a l l u v i u m .

A f t e r a decrease in stream base l e v e l , a new
e r o s i o n / d e p o s i t i o n c y c l e began and cut into what is now terrace
a l l u v i u m d e p o s i t s . T h e f l o o d p l a i n a l l u v i u m i s t h e most
r e c e n t l y d e p o s i t e d mater ial in the area. It is l o ca t ed in the
current f l o o d p l a i n o f t h e Brazos River. The SDS s i t e i s
l o c a t e d e n t i r e l y w i t h i n t h e f l o o d p l a i n a l l u v i u m .

4 . 2 , 3 S o _ i l s
S o i l s near the p r o j e c t s i te consist of a

series o f bo t t om l a n d and u p l a n d s o i l s . T h e y are m a i n l y c l a y e y
to l oamy s o i l s . P a s t u r e and c u l t i v a t e - crops account for the
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larges t por t ion of Agri cu l tur e land use in W a l l e r County.
S o i l s at the SDS s i t e are d i s cu s s ed in more d e t a i l in S e c t i o n
4 .4.2.

4.3 Regional H y d r o l o g y
4.3,1 Groundwater Regime

4.3.1.1 Regional G r p u n d _ w a t e r - G r o u n d w a t e r
i s t h e a r e a ' s m a j o r source o f water f o r m u n i c i p a l , i n d u s t r i a l ,
d o m e s t i c , and i r r iga t i on use. F r e s h groundwater is a v a i l a b l e
throughout the area, a l t h o u g h it is under la in by a zone of
s l i g h t l y s a l i n e water. T h e g e o l o g i c f o r m a t i o n s c o n t a i n i n g
f r e s h a n d s l i g h t l y s a l i n e water s are: t h e C a t a h o u l a S a n d s t o n e ,
F l e m i n g F o r m a t i o n , G o l i a d S a n d , W i l l i s S a n d , B e n t l e y F o r m a t i o n ,
Montgomery F o r m a t i o n , Beaumont C l a y , and recent a l luv ium of the
Brazos River. S e v e r a l f o r m a t i o n s have s imi lar sequences of
u n c o n s o l i d a t e d s e d i m e n t s that ar e h y d r a u l i c a l l y c onne c t ed .
T h * ? y ar e thus e a s i l y d i v i d e d into f o u r h y d r o g e o l o g i c u n i t s :
t h e J a s p e r A q u i f e r , B u r k e v i l l e A q u i c l u d e , Evange l ine A q u i f e r ,
and the Brazos River A l l u v i u m A q u i f e r .

T h e S D S s i t e i s l o c a t e d e n t i r e l y
w i t h i n t h e Brazos Piver A l l u v i u m A q u i f e r . T h e u p p e r 5 5 f e e t o f
sands and c l a y s at the SDS site are part of the Brazos River
A l l u v i u m A q u i f e r . U n d e r l y i n g th i s a q u i f e r are several sand and
c l a y l a y e r s which are part o f th e F l e m i n g F o r m a t i o n .

It i s uncertain i f th e E v a n g e l i n e
A q u i f e r under l i e s th e SDS si te, based upon a v a i l a b l e f i e l d
data. The sand and c lay layers at the SDS s i te , which are part
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of the F l e m i n g F o r m a t i o n , may be part of the J a s p e r A q u i f e r ,
the Burkevi l l e A g u i c l u d e or the Evange l ine A q u i f e r .

Par t s o f t h e F l e m i n g F o r m a t i o n f o r m
th e B u r k e v i l l e A q u i c l u d e , t h e J a s p e r A q u i f e r , and t h e
E v a n g e l i n e A q u i f e r . T h e B u r K e v i l l e A q u i c l u d e s epara t e s t h e
E v a n g a l i n e A q u i f e r f r o m t h e J a s p e r A q u i f e r . T h e re lat ive
p o s i t i o n s o f these h y d r o l o g i c uni t s vary w i t h i n th e F l e m i n g
F o r m a t i o n a n d b y l o c a t i o n . T h e F l e m i n g F o r m a t i o n i s o f M i o c e n e
a g e ; a s s t a t e d by E. T. Baker, Jr. in TDWR Report 2 3 6 , 1 9 7 9 ,
" S t r a t i g r a p h i c and H y d r o g e o l o g i c Framework of Part of the
C o a s t a l P l a i n o f T e x a s / ' Miocene age f o r m a t i o n s are the most
c o m p l e x .

" T h e s t r a t i g r a p h i c f r a m e w o r k o f t h e uni t sthat are d e s i g n a t e d in t h i s report asM i o c e n e in age is c o m p l e x and c o n t r o v e r s i a l ,p e r h a p s more so than any other C e n o z o i cunits. G e o l o g i s t s do not agree which unit son the s u r f a c e or in the s u b s u r f a c e areM i o c e n e nor do they agree as to ther e l a t i o n s h i p o f t h e s u r f a c e and s u b s u r f a c euni t s . T h e correct r e l a t i o n s h i pmay never be determined because f a u n a lmarker s , which ex i s t in p l a c e s inthe s u b s u r f a c e , do not extendto the o u t c r o p ; and the h e t e r o g e n e i t yo f t h e s e d i m e n t s does no t f a c i l i t a t ee l e c t r i c a l - l o g corre lat ions ."
An e x a m p l e o f the s e i n c o n s i s t e n c i e s

i s shown in TDWR R e p o r t 236 which i n d i c a t e s that the J a s p e r
A q u i f e r i n c l u d e s t h e lower th i rd o f t h e F l e m i n g F o r m a t i o n a n d
the C a t a h o u l a S a n d s t o n e . T h i s i s an appar en t c o n f l i c t with the
h y d r o g e o l o g i c units shown in TDWR Report 68 and T a b l e 4-1 of
t h i s r epor t .
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The d e epe s t regional a q u i f e r beneath
t h e S D S site i s t h e J a s p e r A q u i f e r . T h e J a s p e r A q u i f e r
in c lude s the lower part of the F l e m i n g F o r m a t i o n and p o s s i b l y
part o f the C a t a h o u l a S a n d s t o n e * The water in £h& j a s p e r
A q u i f e r becomes sa l ine with d e p t h , g e n e r a l l y over 1COO f e e t .

F e w large water p r o d u c t i o n w e l l s t a p
the J a s p e r A q u i f e r in northwestern W a l l e r County; l i t t l e i s
known about i t s h y d r a u l i c p r o p e r t i e s . T e x a s W a t e r D e v e l o p m e n t
Board Report 68, 1976, r epor t s that the h y d r a u l i c c o n d u c t i v i t y
i s between 212 g a l l o n s per day per square f o o t ( g p d / f t 2 ) (0.010
c m / s e c ) a n d 2 7 2 g p d / f t 2 ( 0 . 0 1 2 c m / s e c ) . T h e s e value s a r e based
on a s i n g l e p u m p i n g test p e r f o r m e d on a s i n g l e w e l l . T h i s is
t h e o n l y d a t a a v a i l a b l e f o r t h e J a s p e r A q u i f e r near t h e S D S
s i t e . A q u i f e r h e t erogene i ty may change these values at the SDS
s i t e . N o c l o s e w e l l s a r e a v a i l a b l e t o obtain c o n f i r m a t i o n
close to the s i te.

T h e B u r k e v i l l e A q u i c l u d e , a
cont inuous , dense , p r e d o m i n a n t l y c lay uni t , overlies th e J a s p e r
A q u i f e r * An a q u i c l u d e is a g e o l o g i c unit or sequence that
t r a n s m i t s water s l ower than the a q u i f e r above or be low it,
c r e a t i n g a h y d r o l o g i c barrier to upward or downward groundwat er
f l o w .

The Burkevil le A q u i c l u d e , part o f
t h e F l e m i n g F o r m a t i o n , averages 3 2 0 f e e t i n th i ckne s s . T h e
Burkev i l l e A g u i c l u d e crops out north of the p r o j e c t area and
d i p s south. T h e B u r k e v i l l e A q u i c l u d e contains several th in
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sand lenses in the upper p a r t ; a few domes t i c w e l l s produce
water f r o m these d i s c o n t i n u o u s lenses.

T h e E v a n g a l i : * ? A q u i f e r overl ie s t h e
B u r k e v i l l e A q u i c l u d e . T h e th i ckne s s o f t h e E v a n g e l i n e A q u i f e r
range s f r o m zero ( f e e t ) in northwes t W a s h i n g t o n C o u n t y t o about
1,840 f e e t in the southern part of W a l l e r County.

H y d r a u l i c p r o p e r t i e s o f t h e
E v a n g e l i n e A q u i f e r were d e t e r m i n e d f r o m p u m p i n g t e s t s made on
2 5 w e l l s i n A u s t i n a n d W a l l e r C o u n t i e s . T h e t r a n s m i s s i v i t y o f
t h e E v a n g e l i n e A q u i f e r ranged f r o m 7 ,900 t o 9 9 , 0 0 0 g p d / f t . T h e
h y d r a u l i c c onduc t i v i ty ranged f r o m 51 g p d / f t 2 (0.002 c m / s e c ) t o
4 8 7 g p d / f t 2 ( 0 , 0 2 e r a / s e c ) . T h e average w a s 2 1 5 g p d / f t 2 ( 0 , 0 1
c m / s e c ) . ( R e f e r t o T W D B Report 6 8 . )

R a i n f a l l on the ou t c rop area
f u r n i s h e s t h e p r i m a r y recharge f o r t h e a r e a f s a q u i f e r s . T h e
SDS s i te is l o ca t ed in the outcrop zone of the Brazos River
A l l u v i u m . S i t e r u n o f f w i l l recharge th e a l l u v i u m , bu t there i s
no d i r e c t recharge to u n d e r l y i n g a q u i f e r s .

The g r o u n d w a t e r in |the r eg iona l
a q u i f e r s g e n e r a l l y f l o w s down d i p until i t d i s c h a r g e s into
s treams, s p r i n g s or s e ep s , or is pumped by w e l l s . Local
g e o l o g i c or g e o g r a p h i c c o n d i t i o n s may i n t e r m i t t e n t l y change
t h i s f l o w p a t t e r n .

4 . 3 . 1 , 2 A l l u v i a l G r o u n d w a t e r - T h e a l l u v i a l
a q u i f e r is the uppermos t a q u i f e r at the SDS site. Previous
h y d r o l o g i c i n v e s t i g a t i o n s by T e x a s s ta t e agencie s i n d i c a t e that
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h y d r a u l i c c h a r a c t e r i s t i c s o f the Brazos River A l l u v i u m are
quite v a r i a b l e and are s i te s p e c i f i c .

C o n s i d e r i n g the a l l u v i u m o f th e
Brazos River Basin as a h y d r o g e o l o g i c u n i t , the sequence of
d e p o s i t i o n g e n e r a l l y g r a d e s f r o m coarse-grained a t the base to
f i n e - g r a i n e d at the s u r f a c e . A l t h o u g h the sequence does not
c h a n g e , th e r e l a t i v e p o s i t i o n o f th e i n d i v i d u a l l a y e r s and
t h e i r grain s iz e varies l a t e r a l l y and v e r t i c a l l y due to i t s
c o m p l e x , s e d i m e n t o l o g i c a l h i s t o r y .

T h e t h i ckne s s o f t h e a l l u v i u m ranges
f r o m 9 f e e t in northern p a r t s of the Brazos River to over 100
f e e t near t h e r i v e r ' s mouth. T h e average t h i c k n e s s a l o n g t h e
river is 45 f e e t ; its t h i c k n e s s at the SDS s i t e is about 55
f e e t .

Previous i n v e s t i g a t i o n s by the T e x a s
W a t e r D e v e l o p m e n t Board ( T W D B Report 4 1 , "Ground W a t e r i n t h e
F l o o d - P l a i n A l l u v i u m o f t h e Brazos River, W h i t n ^ y D a m t o
V i c i n i t y o f R i c h m o n d , T e x a s , " 1 9 6 7 ) r e p o r t e d c a l c u l a t i o n s f o r
t r a n s m i s s i v i t y , p e r m e a b i l i t y , a n d s t o r a g e c o e f f i c i e n t o f t h e
a l l u v i u m u s i n g l a b o r a t o r y m e t h o d s a n d f i e l d p u m p t e s t s . T h i s
i s the range o f v a l u e s f or the a l l u v i u m t h r o u g h o u t the ent ire
B r a z o s River Basin. T r a n s m i s s i v i t y based o n T W D B p u m p i n g te s t
d a t a ranged f r o m 50,0^0 t o over 300,000 g p d / f t . T W D B
l a b o r a t o r y p e r m e a b i l i t y t e s t s ranged f r o m 0.001 to 18,000
g p d / f t ( 4 . 7 x 10"8 to 0.85 c m / s e c ) . T h i s i s a very wide range

CM
LAinrooo

4 - 1 3
RESOURCE ENGINEERING



of p e r m e a b i l i t i e s because of the wide range of material
t e s t e d . The lowest p e r m e a b i l i t i e s occur in t i g h t c l a y s ; the
highe s t occur in c l e a n , coarse gravel s .

The a l l u v i u m is not w i d e l y used as a
water s u p p l y in the immediate area of the SDS site. Water
s u p p l y w«l l s in th i s area are u sua l ly unre l iable because, of the
var iab l e th i ckne s s , t ransmi s s iv i ty , hydrau l i c conduc t iv i ty and
re s t r i c t ed areal extent of the a l luv ium. Based on site
s p e c i f i c p u m p i n g test d a t a , the a l l u v i u m at the SDS s i t e has a
s p e c i f i c c a p a c i t y o f 0.12 g p m / f t . T h i s s p e c i f i c c a p a c i t y wou ld
o n l y s u p p o r t a 2 gpm we l l at the SDS s i t e based on a sa tura t ed
t h i c k n e s s o f 2 4 ' ,

G r o u n d w a t e r e l e v a t i o n s in the
a l l u v i u m are g e n e r a l l y at or s l i g h t l y above the e l e v a t i o n of
t h e Brazos River. G r o u n d w a t e r d i s c h a r g e s f r o m th e a l l u v i u m
into the Brazos River d u r i n g base, or l o w , f l o w . The river i s
c l a s s e d as an e f f l u e n t , or g a i n i n g , s tream. During h igh river
f l o w s , however, water t e m p o r a r i l y f l o w s f r o m t h e river into t h e
a l l u v i u m . When river f l o w s decrease, water f r o m the a l l u v i u m
w i l l again d i s charge into the river.

4.3.1.3 Groundwat er Uses - Groundwater is
the m a j o r source o f water for m u n i c i p a l , i n d u s t r i a l , d ome s t i c
and i r r i g a t i o n use in A u s t i n and W a l l e r counties. REI
conducted a survey to l o ca t e dome s t i c , i n d u s t r i a l , munic ipa l
and i r r i g a t i o n water w e l l s wi thin a thre e-mi l e radius of che
s i t e . L o c a t i o n of these w e l l s i s shown in F i g u r e 4-2; d e t a i l s
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T a b l e 4-2

Description of Water H e l l s
Three-Mile Radius

Located Within a
of the Sheridan Disposal S i t e

Located W e l l

W e l lN o .
101
102
103
104
106
108
109
110
303
304
305
402
514
515
601
602
603
604

N o
N o t e :

Use
DomesticI r r i g a t i o nS t o c kS t o c kI r r i g a t i o nS t o c kS t o c kI r r i g a t i o nDomesticUnusedUnusedUnusedStockS t o c k- —
S t o c k--
S t o c k

log ava i lab l e

Diameterof W e l l(inches)
39-4214
5
3.516
4
4
16
6
6
36
24
6
2.5--
6 — -
3

j . -i . -^ •Data

Scre enedT o t a l I n t e r v a l ( f t )Depth ( d e p t h below( f t ) ground sur face)
20.5 20.5
73 60
1049 1029-1049
400
71 71
900
900
951
438 428-438
65 46-65
46
50
65
365— — _•_
396 3 5 6 - 3 9 6— — _•_
178

W e l l s located by TDWR.
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T a b l e 4-3
Plot t ed W e l l Data

W e l lN o .
I B
1C
I D
I E
10
3A-1
3 A - 23B-1
3B-2
3D
3E-1
3E-2
3F
3L-1
3L-2
3M
3N
30
3P
6G
6H
6J
6K
4A-1
4 A - 2
4C
4Q
4 H - 1
4 H - 2
4 H - 3
4 H - 4
4R
4U
4T
4M-1
— No
N o t e :

Use
_ ̂
__
— —_---

DomesticDomes t i cD o m e s t i cD o m e s t i cDome s t i cD o m e s t i cDome s t i cDomes t i c
Domes t i cD o m e s t i cDomes t i c-_
D o m e s t i cI n d u s t r i a lI n d u s t r i a lI n d u s t r i a lI n d u s t r i a lF a r mDomes t i cI r r i g a t i o nI n d u s t r i a lD o m e s t i cD o m e s t i cD o m e s t i cD o m e s t i cD o m e s t i c»_— .—

l o g a v a i l a b l e
W e l l l o c a t i o n s based

. . i .

Diametero f W e l l( i n c h e s )
-_-_-_.__-._.

4
4
4
4
4
444
4
4
4
4 -»
4
4
4
4
4
4
4—
4
2
4
4
4
4-_

__
4

on d r i l l e r

4 - 17

T o t a lD e p t h( f t )
**»_,_
M*-,-

161
148
138
134
161
360
253
137
132
140
181
167«._
178
294
265
2 6 2
210
276
301
200
210
115
106
306
306
120_ —

— .—
141

l o g .

DFcnii&r

ScreenedI n t e r v a l ( f t )( d e p t h b e lowground s_ur_face)

__._._« ._
146-161
127-148
112-138
111-134
140-161345-360
211-253116-137
111-132__
161-181
152-167__
163-178-_

--
-._
-_

270-276
291-301
165-200
168-210
109-115--
2 9 6 - 3 0 6
2 9 6 - 3 0 6— .

«.*.
«._

120-141

r fjufi/iuffoi/u/:
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T a b l e 4-3
P l o t t e d W e l l

W e l l
K o .
4 M - 2
4K
9E-1
9E-2
9E-3
9E-4
3J
2R
5H
5G-1
5 G - 2

5A( W a l l e r ) *6A-1( W a l l e r ) *6 A - 2( W a s h i n g t o n ) *
6 A - 1( W a s h i n g t o n ) *
6 A - 2( W a s h i n g t o n ) *
6 A - 3( W a s h i n g t o n ) *
6 A- 4
6B-1
6B-2
6C
6D
6E
5E
M W - 1 1

U s e
Domes t i cDomes t i cDomes t i cD o m e s t i c——
D o m e s t i cD o m e s t i cI n d u s t r i a lI n d u s t r i a l
I r r i g a t i o n

D o m e s t i c
Ranch
D o m e s t i c
I n d u s t r i a l
I n d u s t r i a l
I n d u s t r i a l
I n d u s t r i a lDome s t i cDome s t i cD o m e s t i cI n d u s t r i a lI n d u s t r i a lI n d u s t r i a l
Domes t i c

Diametero f W e l l( i n c h e s )
424
4 —

—
2.5
4
4
4
12 3/4

2
4
4
4
4
4
4
4
2
4
4
4
4
-

( C o n t i n u e d )
Data

T o t a lD e p t h
Scre enedinterval ( f t )( d e p t h be low( f t ) ground s u r f a c e )

141153
258268«-
»

178
164
210
210
130

360
136
203
215
252
210
210
133
159180
249
273
231
135

136-141
126-153
248-258
2 5 8 - 2 6 8—»_
163-178
149-164
170-210
147-168
189-210
3 9 - 5 8 ;71-76;
7 9 - 9 5 ;
98-104340-360
130-136
188-203
180-215
189-210
2 3 1 - 2 5 2
168-210
168-210
127-133
153-159
170-180
207-249
2 3 1 - 2 7 3
189-231

—
— N o l o g a v a i l a b l e* C o u n t y in

— — — — — — — — — — — —

which w e l l is l o c a t e d .
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Table 4-4
Descript ion o f H a t e r W e l l sLocated Downstream or Down Dip andW i t h i n a T h r e e - m i l e Radius of the SDS

T o t a l DepthW e l l N u m b e r ( f t )
S H
5E
5A

514
515

6C
601

6G
6H
6J

602
6D
6E
6K

603
6A

604
4U
4R
4Q
4C
4T

5 G - 1
5G-2
6A-1
6A-2
6 A - 3
6A-4
6B-1
6B-2
4A-1
4 A - 2
4 H - 1
4K-2
4 H - 3
4H-4
4M-1
4 M - 2W e l l 11

210231360
65365

180_-
294
265
262396
249
273
210— —

( W a l l e r C o u n t y ) 136
178--
120210
200--.
210
130( W a s h i n g t o n C o u n t y ) 215( W a s h i n g t o n C o u n t y ) 2 5 2( W a s h i n g t o n C o u n t y ) 2 1 0( W a s h i n g t o n C o u n t y ) 210
133
159
276
301115106
306
306
141
141135

S i t e *
ScreenedI n t e r v a l ( f t )

; . ; . ! . . • . . ; : • ' ™

170-210
189-231340-360

••..»
170-180

•_
•»_
— —

3 5 6 - 3 9 61 207-2492 3 1 - 2 7 ' J

130-136
«__

168-210
165-200
147-210
39-104

180-215
189-252
168-210
168-2101 127-133
153-159
270-276
291-301
109-115_ —
2 9 6 - 3 0 6
296-306
120-141
136-141

— No log avai lable
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of the w e l l s are shown in T a b l e s 4-2, 4-3, and 4-4. T a b l e 4-2
l i s t s located well data. Located w e l l s were inspected by T e x a s
Department of Water Resources (TDWR) personnel to determine the
w e l l ' s exact locat ion. T a b l e 4 - 3 l i s t s p l o t t e d well da ta .
P l o t t e d w e l l s were not inspected by s tate agencies; their
l o ca t i on s are based on locat ions given by d r i l l e r s to the
TWDB, T a b l e 4-4 l i s t s w e l l s wi th in a three-mile radius o f the
s i t e that are e i ther down-dip or downs tr eam of the s i t e .
T a b l e s 4-2 and 4-3 show most of the w e l l s are for d o m e s t i c or
i n d u s t r i a l use.

W e l l s not l i s t e d in T a b l e 4-4 are
u p - d i p of the s i t e and are not i m p a c t e d by the s i t e .
A d d i t i o n a l l y , most o f the s e w e l l s screened d e e p e r than t h e
a q u i f e r s a t the SDS s i t e .

Based on the e l e v a t i o n s shown in
F i g u r e 4-2, the screened i n t e r v a l s in T a b l e 4-4, and a s suming
the beds a t th e SDS s i t e f o l l o w r eg iona l p a t t e r n s and d ip t o
t h e s o u t h e a s t , then w e l l numbers 5 H , 5 E , 5 A , 515 , 602, 6 C , 6 D ,
5 G - 1 , 6 A - 1 , 6 A - 2 , 6 A - 3 , 6 A - 4 , 4 H - 3 a n d 4 H - 4 i n T a b l e 4 - 4 a r e
l i k e l y screened too d e e p to be i m p a c t e d by any c o n t a m i n a t i o n in
the two a q u i f e r s of concern at the s i te .

W e l l s 514 and 5G-2 are i s o l a t e d f r o m
the SDS s i t e by the river which f o r m s a h y d r a u l i c barrier. The
remaining w e l l s l i s t e d in T a b l e 4-4 are screened in p o t e n t i a l l y
the same a q u i f e r s as those u n d e r l y i n g the site. However, these
w e l l s are all more than 1 mi l e f rom the SDS site.

ininnoo

4 - 2 0
RESOURCE ENGINEERING



4.3.1.4 Regiona l G r o u n d w a t e r Q u a l i t y
The s ta t e has monitored groundwater

q u a l i t y in t h e three regional a q u i f e r s : t h e J a s p e r A q u i f e r ,
E v a n g e l i n e A q u i f e r , and Brazos River A l l u v i u m . The water
q u a l i t y o f th e J a s p e r A q u i f e r i s marginal f or p u b l i c water
s u p p l y . W e l l s that pene trat e the upper part o f th e J a s p e r
A q u i f e r y i e l d good q u a l i t y water. However, in w e l l s d e eper
than 700 f e e t , the concentrations of iron and to tal d i s s o l v e d
s o l i d s ( T D S ) m a y increase t o l e v e l s above t h e U . S . P u b l i c
H e a l t h S e r v i c e recommended l i m i t o f 5 0 0 m g / 1 f o r T D S .

G r o u n d w a t e r f r o m t h e E v a n g e l i n e A q u i f e r
g e n e r a l l y meets a l l d r i n k i n g water s t a n d a r d s . D i s s o l v e d s o l i d s
increase s l i g h t l y w i t h d e p t h , bu t u s u a l l y do no t exceed the
s t a n d a r d s . The water i s h a r d , bu t s u i t a b l e f or most i n d u s t r i a l
p u r p o s e s .

W a t e r f r o m th e Brazos River A l l u v i u m i s o f
lower q u a l i t y than water f r o m t h e u p p e r J a s p e r A q u i f e r . T D S
c onc en tra t i on s are h i g h e r , but u s u a l l y wi thin recommended
l i m i t s . I r o n concentrations are e l e v a t e d ; hardness ranges f r o m
m o d e r a t e l y hard to very hard.

4 , 3 . 2 S u r f a c e . . W a t e r
4 .3 .2 .1 Brazos River - The Brazos River is

t h e a r e a ' s d o m i n a n t s u r f a c e water f e a t u r e . T h e h e a d w a t e r s o f
the Brazos River o r i g i n a t e in eas t ern New M e x i c o and the
p a n h a n d l e o f T e x a s . T h e Brazos f l o w s s outheas t a n d d i s c h a r g e s
into th e G u l f o f M e x i c o near F r e e p o r t , T e x a s . A mature river,

o
MDmrooo

- 21
RESOURCE ENGINEERING



the Brazos meanders across its f l o o d p l a i n , as evidenced by many
meander scars and oxbow lakes a l o n g its course.

T h e U . S . G e o l o g i c a l Survey ( U S G S )
o p e r a t e s two r e cord ing s t a t i o n s on the Brazos Riv^r near f c l i e
p r o j e c t s i t e . T h e W a s h i n g t o n s t a t i o n , number 08110200 , i s
l o c a t e d a p p r o x i m a t e l y 21 m i l e s up s t r eam of the s i t e near
W a s h i n g t o n , T e x a s . T h e s t a t i o n h a s op era t ed since 1965* T h e
d r a i n a g e area at t h i s s t a t i o n i s 41 ,192 square m i l e s . Its
average f l o w i s 5 , 2 9 1 cubic f e e t p e r second ( c f s ) . T h e maximum
d i s c h a r g e on record is 8 2 , 5 0 0 cfs on 1 / 2 4 / 6 8 . The minimum
d i s c h a r g e was 170 cfs on 1 0 / 2 2 / 7 8 . On 1 0 / 1 / 8 5 the USGS s t o p p e d
recording f l o w at this s t a t i on and currently uses it to record
only water s tage h e i g h t s ,

The second s t a t i o n , number 08111500,
i s l o c a t e d a p p r o x i m a t e l y 14 m i l e s downs tr eam o f the SDS s i t e
near H e m p s t e a d , T e x a s . T h i s s t a t i o n h a s op era t ed since 1938.
The d r a i n a g e area is 4 3 , 8 8 0 square mi l e s at t h i s s t a t i o n , and
h a s a n average d i s c h a r g e o f 6 , 6 2 7 c f s . T h e maximum d i s c h a r g e
on record is 1 4 3 , 0 0 0 cf s on 5 / 2 / 5 7 ; the minimum d i s c h a r g e was
1 3 7 c f s o n 1 1 / 6 / 5 2 .

Two m a j o r t r i b u t a r i e s t o th e Brazos
River l i e be tween these t w o r e cording s t a t i o n s . T h e N a v a s o t a
River d i s c h a r g e s into the Brazos River between the W a s h i n g t o n
s t a t i o n and the SDS site. The H e m p s t e a d s t a t i on records i t s
contr ibut ion. New Y e a r Creek is the larges t stream that
d i s charge s into the Brazos River between the SDS ( $ i t e and the
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H e m p s t e a d s ta t i on . New Y e a r Creek is an intermit t ent creek
that has a drainage area of a p p r o x i m a t e l y 230 square mi l e s .
New Year Creek represents a p p r o x i m a t l e y 0,5% of the Brazos
River d r a i n a g e basin and makes an i n s i g n i f i c a n t f l o w
c o n t r i b u t i o n to the Brazos River at the H e m p s t e a d s ta t ion.

4.3.2.2 Local S u r f a c e , W a t e r F e a t u r e s * The
SDS site is located on a cut bank above the river and s l o p e s
away f r o m the river. Mos t o f th e overland r u n o f f f l o w s s ou th ,
away f r o m the river, into C l a r k Lake. H o w e v e r , there i s a
s m a l l component o f r u n o f f that f l o w s west into a l o ca l d i t c h ,
and then into C l a r k Lake. C l a r k Lake , a s h a l l o w lake created
by two man mode dams, may be a remnant oxbow of the Brazos
River. C l a r k Lake d i s c h a r g e s into a d r a i n a g e d i t c h that f l o w s
s ou thwe s t in to Donahoe Creek d u r i n g high water s tage on C l a r k
Lake. C l a r k Lake begins to d i s charge when the water sur fa c e
e l e v a t i o n i s a p p r o x i m a t e l y 161 f e e t MSL.

Donahoe Creek is a s m a l l i n t e r m i t t e n t
creek l o c a t e d south o f t h e s i t e ( F i g u r e 5 - 3 ) . I t f l o w s t o t h e
west and d i s charge s into the Brazos River a p p r o x i m a t e l y f i v e
m i l e s downstream f r o m the site.

S e v e r a l s m a l l s t o ck-wa t e r ing p o n d s
and marshe s occur in the area. C h a p t e r 5 a d d r e s s e s s u r f a c e
water h y d r o l o g y of the s i te in more d e t a i l .
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4 . 4 S i t e G e o l o g y a n d S o i l s
4.4.1 G e o l o g y - The SDS site is located on the

al luv ium of the Brazos River. The Brazos River A l l u v i u m
b lanke t s the F l e m i n g Format i on at the site. T w e n t y monitor
w e l l s , 9 borings and 20 cone pene t rome t er s ound ing s were used
to assess the g e o l o g i c s e t t i n g . T h e i r l o c a t i o n s are shown on
F i g u r e 4-3.

Cone pene trometer s oundings consist of p u s h i n g
a c o n e - t i p p e d probe into a soil d e p o s i t . W h i l e the probe is
advanced , a continuous record of cone tip and s ide f r i c t i o n
resistance versus d e p t h is obtained in both analog and d i g i t a l
f o r m . A comput er p r o g r a m c a l c u l a t e s f r i c t i o n ra t io ( f r i c t i o n
r e s i s t a n c e d i v i d e d by cone r e s i s tance , in p e r c e n t ) versus
d e p t h . The f r i c t i o n ratio i s correlated to nearby boreholes
which have been con t inuou s ly l o g g e d . A f t e r the f r i c t i o n ratio
has been c o r r e l a t e d , cone penetrometer soundings can be used to
map s t r a t i g r a p h y . Cone pene trometer data at the SDS site were
c o rr e la t ed t o borehole s C - 7 / M W - 1 3 , C - 9 / M W - 1 5 , C - 8 / M W - 1 4 ,
C - l / M W - 7 , c - l l / M W - 1 6 , C - 1 2 / K W - 1 7 . Cone p e n e t r o m e t e r s o u n d i n g s
are shown in A p p e n d i x 4A.

The monitor w e l l s and borings i n s t a l l e d by
REI were d r i l l e d using h o l l o w stem auger and mud rotary
method s . S h a l l o w ho l e s , g e n e r a l l y l e s s than 30 f e e t , were
d r i l l e d us ing h o l l o w stem augers. Deeper hole s were d r i l l e d
wi th m u d rotary ( A p p e n d i x 4 A ) . M u d rotary m e t h o d s g e n e r a l l y
used p o t a b l e water as the d r i l l i n g f l u i d to f orm natural mud.
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O c c a s i o n a l l y , powdered bentonite was added to thicken the mud
to prevent the hole f rom c o l l a p s i n g while i n s t a l l i n g pro t e c t ive
s u r f a c e cas ing. It i s unclear that al l moni tor ing w e l l s at the
s i t e have been a d e q u a t e l y d e v e l o p e d a f t e r i n s t a l l a t i o n .
D e t a i l s on well deve lopment are given in A p p e n d i x 4C.

S a m p l e s were , c p j . j e c t e d using S h e l b y tubes
or s p l i t spoon sampler s . The sampl e s were v i s u a l l y l o g g e d on
s i t e by a h y d r o g e o l o g i s t . S e l e c t e d s a m p l e s were a n a l y z e d in
the REI s o i l s laboratory for p a r t i c l e size d i s t r i b u t i o n , sieve
a n a l y s i s , a n d A t t e r b e r g l i m i t s . T h e l o g s o f t h e monitor w e l l s ,
b o r i n g s , cone p e n e t r o m e t e r s t r i p char t s , and l a b o r a t o r y r e s u l t s
are pre sented in A p p e n d i x 4A.

Data f r o m a l l s u b s u r f a c e i n v e s t i g a t i o n s
were used to assess the s i te g eo l ogy . In g e n e r a l , REI
i d e n t i f i e d f i v e s t r a t i g r a p h i c u n i t s a t t h e s i t e ( S t r a t u m s A , B ,
C, D and E) , which are shown s c h e m a t i c a l l y on F i g u r e 4-4.
D e t a i l e d cros s- sec t ions of these units based on REI f i e l d d a t a ,
are shown in F i g u r e s 4-5, 4-6, and 4-7.

S t r a t a A and B, subunits of the a l l u v i u m ,
are not m a p p e d r e g i o n a l l y . T h e s e s t r a t a are t y p i c a l o f
a l l u v i a l d e p o s i t s c on s i s t ing o f unconso l ida t ed sands , s i l t s ,
and c l a y s . T h e s e d e p o s i t s are i n t e r b e d d e d and grade l a t e r a l l y
and v e r t i c a l l y into f i n e r or coarser material.

The u p p e r 40 f e e t a t th e s i te ( S t r a t u m A)
cons i s t s of interbedded sands, s i l t s , and clays which are shown
on three cros s-sec t ions: F i g u r e s 4-5, 4-6 and 4-7. F i g u r e 4-5
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shows that S t r a t u m A consi s t s of 30 f e e t of s i l t y c l ay at the
southern part o f the s i t e . T h i s s i l t y c l a y overl i e s 15 f e e t o f
s i l t y sand. The s i l t y c lay chins out to 5 to 10 f e e t t h i c k to
the nor th , w h i l e the s i l t y sand th i ck en s to 35 f e e t . F i g u r e
4 - 6 ( c r o s s - s e c t i o n B - B ' ) shows that t h e s i t e ' s eastern part i s
s i t u a t e d on a s i l t y c l a y a p p r o x i m a t e l y 30 f e e t t h i ck . T h i s
s i l t y c l a y p i n c h e s out and g r a d e s into a s i l t y sand toward the
west. The s i l t y sand subunit i s observed w i th in S t r a t u m A over
the we s t ern par t of the s i t e ; i t ranges in t h i c k n e s s f r o m about
20 to 35 f e e t . S t r a t u m A c o n s i s t s o f a t h in s i l t y c l a y l a y e r
near the r iver, o v e r l y i n g i n t e r b e d d e d s i l t y sands and c l a y s .

S t r a t u m B is a cont inuous sand l a y e r , f a i r l y u n i f o r m
t h r o u g h o u t t h e s i t e . The f i n e t o m e d i u m grained sand c o n t a i n s
t h i n s i l t and c l a y seams. S t r a t u m B, a p p r o x i m a t e l y 40 f e e t
b e l o w g r a d e , average s 15 f e e t in t h i ckne s s . Grave l is
i n t e r b e d d e d wi th the sand in the lower par t of S t r a t u m B. M o s t
is round to s u b a n g u l a r ; some is a n g u l a r . Grave l d i a m e t e r s
range f r o m 0.25 to over 2 in ch e s ; c o l o r s range f r o m w h i t e to
p i n k a n d dark grey c c n s i s t i n g o f quartz a n d f e l d s p a r s . T h e
gravel i s p o o r l y sor ted and i n t e r b e d d e d w i t h sand, s i l t s , and
c l a y s .

S t r a t u m C, a dense c l a y l a y e r , i s l o c a t e d
a p p r o x i m a t e l y 55 f e e t b e l o w g r a d e , w i t h an average t h i c k n e s s o f
35 f e e t . T h i s s t r a t u m i s u n i f o r m and cont inuous throughout the
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s i t e . The c l a y becomes sandier with d e p t h and grade s into a
sandy c l a y throughout the lower 10 f e e t . S t r a t u m c is the
f i r s t e x p r e s s i o n o f t h e F l e m i n g F o r m a t i o n beneath th e s i te.

S t r a t u m D is a sand layer l o ca t ed 90 f e e t be low grade
at the s i te. T h i s sand layer averages 10 to 12 f e e t in
t h i c k n e s s and c o n s i s t s o f f i n e to medium grained sand. T h e r e
are s i l t and c lay seams i n t e r b e d d e d w i t h i n the sand. S t r a t u m D
is a l s o part o f t h e F l e m i n g F o r m a t i o n .

S t r a t u m E is a dense c l a y layer f o u n d a p p r o x i m a t e l y
90 f e e t b e l ow grade . S t r a t u m E i s part o f the F l e m i n g
F o r m a t i o n . S t r a t u m E is the d e e p e s t unit a d d r e s s e d beneath the
s i t e .

4.4.2 S o i l s - The SDS s i t e i s l o c a t e d on s o i l s o f
t h e B r a z o r i a - N o r w o o d A s s o c i a t i o n . T h i s a s s o c i a t i o n c o n s i s t s o f
s o i l s on broad f l o o d p l a i n s a l o n g th e Brazos River. The s o i l s
are l eve l to g e n t l y s l o p i n g , somewhat p o o r l y drained to w e l l
d r a i n e d , and c layey to loamy s o i l s . T h e r e are f i v e soil t y p e s
a t t h e S D S s i t e ( F i g u r e 4 - 8 ) , l i s t e d i n T a b l e 4-5. T a b l e 4 - 5
shows t h e s o i l s 1 e n g i n e e r i n g c h a r a c t e r i s t i c s .

T h e Brazoria series c o n s i s t s o f d e e p , somewhat
p o o r l y d r a i n e d , c l a y e y s o i l s o n t h e f l o o d p l a i n a l o n g t h e Brazos
River. T h i s series f o r m e d f r o m t h i ck c l a y e y a l l u v i a l
s e d i m e n t . The s o i l , t y p i c a l l y 80 inches d e e p , i s dark
r edd i sh-brown c l a y that i s ca l careous throughout . The soil
series is d i v i d e d based on percent s l o p e .
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T h e C l e m v i l l e series cons i s t s o f d e e p , w e l l
d r a i n e d , loamy s o i l s on f l o o d p l a i n s . The soil i s u s u a l l y
r edd i sh-brown, s i l t y loam to about 25 inches, g r a d i n g into a
d a r k , reddi sh-brown c l a y to about 60 inches. The soil is
m o d e r a t e l y a l k a l i n e and calcareous throughou t .

The Oklared series i s d e e p , n e a r l y l eve l soil
on f l o o d p l a i n s . The s u r f a c e l a y e r i s brown, very f i n e sandy
l o a m , about e ight inches th i ck . T h i s g rade s into a l i g h t
brown, f i n e s a n d y loam 60 inches d e e p w i th sandy loam and l o a m y
f i n e sand s t r a t a t h r o u g h o u t .

T h e B r a z o r i a - N o r w o o d A s s o c i a t i o n b a s i c a l l y
c o n s i s t s o f c l a y e y t o l oamy s o i l s . T h e h y d r a u l i c soil g r o u p
f or each so i l t y p e i s shown in T a b l e 4-5. The h y d r a u l i c soil
g r o u p i s a f a c t o r used to c a l c u l a t e s u r f a c e r u n o f f . The "D
G r o u p " c on ta in s s o i l s that swe l l s i g n i f i c a n t l y when we t , or
heavy p l a s t i c c l a y s . Mos t o f the s o i l s a t the southern par t o f
the s i t e are "D G r o u p . " T h i s t y p e o f soil r e s t r i c t s the
i n f i l t r a t i o n o f ra inwater and l i m i t s t h e amount o f g roundwa t e r
recharge.

The northern part o f t h e SDS s i t e i s l o c a t e d
on th e C l e m v i l l e S i l t Loam and th e Oklared V e r y F i n e S a n d Loam
S o i l s . Both the s e s o i l s are c l a y e y to loamy and are in
h y d r a u l i c so i l " G r o u p B." "B Group" s o i l s have a modera t e
i n f i l t r a t i o n rate when t h o r o u g h l y w e t t e d . T h i s i n f i l t r a t i o n
rate g e n e r a l l y a p p l i e s t o t h e t o p f i v e f e e t o f t h e s o i l .
Boring s and cons p e n e t r o m e t e r d a t a i n d i c a t e a c l a y l a y e r
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e x t end s d e e p e r than f i v e f e e t . T h i s c lay layer w i l l restrict
the movement and i n f i l t r a t i o n of groundwater .

4.5 S i t e G r o u n d w a t e r - G r o u n d w a t e r ex i s t s in nature under
two c o n d i t i o n s : water t a b l e or c o n f i n e d ( a r t e s i a n ) . W a t e r
t a b l e c o n d i t i o n s occur when the groundwat er s u r f a c e is under
a t m o s p h e r i c pre s sure and the water level is f r e e to change w i t h
the changes in the volume of water s t o r ed . C o n f i n e d c o n d i t i o n s
occur when p e r m e a b l e m a t e r i a l s are ov e r la in and u n d e r l a i n by
l e s s p e r m e a b l e m a t e r i a l . W a t e r l e v e l s in a c o n f i n e d a q u i f e r
w i l l rise above the base o f the c o n f i n i n g b e d , when p e n e t r a t e d
by a w e l l or other o p e n i n g .

Both u n c o n f i n e d (wat er t a b l e ) a n d c o n f i n e d a q u i f e r s
are pr e s en t at the SDS s i te . The water t a b l e a q u i f e r i s the
f i r s t a q u i f e r encountered be low ground s u r f a c e and cons i s t s o f
S t r a t a A a n d B . T h e c o n f i n e d a q u i f e r ( S t r a t u m D ) , beneath t h e
water t a b l e a q u i f e r , i s s e p a r a t e d f r o m i t by a 3 5 - f o o t
c o n f i n i n g , c l a y l a y e r ( S t r a t u m C ) . T h e t w o a q u i f e r s a r e shown
on F i g u r e 4-9, and are f u r t h e r d e s c r i b ed as f o l l o w s :

4.5.1 W a t e r T a b l e _ Aqu_i_f er - A t o t a l of 17 moni t or
w e l l s have been i n s t a l l e d at the SDS s i t e in the water t a b l e
a q u i f e r by various o r g a n i z a t i o n s d u r i n g the p a s t 14 years. The
f i r s t w e l l s , M W - 4 a n d M W - 8 , were i n s t a l l e d i n 1972 t o moni t or
the a q u i f e r and c o m p l y w i th r e g u l a t o r y requirement s in th e SDS
s i t e ' s waste d i s p o s a l p e r m i t . I n 1 9 8 3 , a n E P A f i e l d
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inve s t iga t i on team i n s t a l l e d 3 add i t i ona l w e l l s , MW-I, KW-3 and
MW-6 to assess the impact of d i s p o s a l o p e r a t i o n s on the water
t a b l e a q u i f e r . S i n c e 1984, REI has i n s t a l l e d 12 a d d i t i o n a l
w e l l s to inve s t i ga t e and monitor the water table a q u i f e r * The
l o c a t i o n s of all 17 w e l l s are shown on F i g u r e 4-10; d e t a i l s of
w e l l c o m p l e t i o n s are pre s en t ed in T a b l e 4-6 and shown in
A p p e n d i x 4B. A d d i t i o n a l w e l l s w i l l b e added t o c harac t e r i z e
the a q u i f e r as part o f the Groundwater M i g r a t i o n Management R . I .

4 • 5 • 1 • 1 H y d r a u l i c . C h a r a c t e r i s t i c s - One
f u l l y p e n e t r a t i n g w e l l ( M W - 2 9 ) a n d f o u r p i e z o m e t e r s ( M W - 2 1 , 2 3 ,
24, 25) were i n s t a l l e d t o conduct a p u m p test f or d e t e r m i n i n g
t h e a q u i f e r c h a r a c t e r i s t i c s o f t h e water t a b ? 3 a q u i f e r ( S t r a t a
A a n d B ) . T h e R E I " H y d r o g e o l o g i c I n v e s t i g a t i o n Plan" ( H I P ) ,
s u b m i t t e d in A u g u s t o f 1985 and approved by the E P A , d e t a i l e d
the procedures . Severa l minor changes of wel l l o ca t ions were
made i n t h e f i e l d which d i f f e r f r o m those shown i n t h e H I P .
The changes were made to improve the i n s t a l l a t i o n pro c edur e s .
C o n s t r u c t i o n d e t a i l s of these monitor w e l l s are de s cr ibed in
A p p e n d i x 4B. D e v e l o p m e n t p ro c edur e s are d i s c u s s e d in A p p e n d i x
4C.

A p u m p test was conducted u s ing an
e l e c t r i c s ubmer s i b l e p u m p and e l e c t r i c sounders to measure the
water l eve l in the p i e z o m e t e r s . The d i s c h a r g e d water was
c o n t a i n e r i z e d and d i s p o s e d o f in the SDS p o n d .
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4-6
Dertails of Monitor Hel l Owtruction

TotalN e l l DepthNumber _ ( f t ) _

MW-1**
MW-2
K W - 3
KK-4
MW-5
MV-6HK-7

MW-10W e l l 11
MW-12MW-13
W*-14Mtv-15
MW-16MW-17
MK-18MW-19M W - 2 0
W - J - 2 1
J & I - 2 2
M W - 2 3
MW-24
«W-25
M4-26
MW-27

65
40.5

65
69
60
58

100
65

W e l l 9 165***

ScreenedInterval Date Aquifer( f t ) Ins ta l l ed Monitored* Description
50-60 1983 1 EPA FIT W e l l , No. 3NA 1985 1 Resource Bigineering94-106 1972 2 o ( M a l l e y & Clay(north w e l l )
53-63 1983 1 EPA FIT W e l l , No. 255-61 1972 1 O'Malley & Clay(west w e l l )54-60 1963 1 Old Windmill Well
43-58 1983 1 EPA FIT W e l l , No. 180-95 1984 2 Resource Bigineering51-57 1972 1 O'Malley & Clay(south w e l l )1963 Production W e l l forBoiler1984 1 Resource Engineering? Farm House Well1984 1 Resource Engineering1984 2 Resource Engineering1984 2 Resource Engineering1984 1 Resource Engineering1984 1 Resource Engineering1 Resource Engineering32-57 1984 1 Resource Engineering34-54 1984 1 Resource Engineering85-97.5 1985 2 Resource Engineering4-54 1985 1 Resource Engineering85-100 1985 2 Resource Engineering4-54 1985 1 Resource Engineering4-54 1985 1 Resource Engineering4-54 1985 1 Resource Engineering83.5-98.5 1985 2 Resource Engineering85-97 1985 2 Resource Engineering85.5-98 1985 2 Resource Engineering5-55 1985 1 Resource Engineering

44.5 28-43
135*** ?

40
93

102
61
61

24-39
83-93
92-102
51-61
48-53Accidenta l ly Destroyed58.557

9854
10154

5454
98.5
102

98
56

Oo

*Aquifer Monitored: l=vater table aquifer, 2=oonfined aquifer**MW-1 became plugged with s i l t , it was reconstructed with openended 1-inch JVC pipe.***Total depth report by Duane Sheridan, not confirmed
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T h e d i s charge f l o w rate d u r i n g t h e
p u m p te s t f l u c t u a t e d f r o m 1.7 to 1.5 gpm during the f i r s t three
hours o f the t e s t . The d i s c h a r g e rate g e n e r a l l y decreased
d u r i n g t h i s t ime* F l u c t u a t i n g water l e v e l s were created in the
p i e z o m e t e r s and pump well due to the variable p u m p i n g rate.
During the last f i v e hours of the t e s t , the d i s charge rate
s t a b i l i z e d at 1.5 gpm.

T i m e - d r a w d o w n curves for the puir.p
w e l l and f o u r p i e z o m e t e r s are shown in A p p e n d i x 4D. The curves
show r a p i d drawdown in the f i r s t 15 minut e s of the t e s t . W a t e r
l e v e l s were s t e a d y for an hour but s l o w l y recharged as the
p u m p i n g rate d e c r e a s e d . A f t e r t h e p u m p i n g rate s t a b i l i z e d , t h e
water l e v e l s in the p i e z o m e t e r s de crea s ed and s t a b i l i z e d . See
A p p e n d i x 4 D f o r d a t a .

T h r e e me thod s were used in an
a t t e i r . p t t o correct th e d a t a f or v a r i a b l e d i s c h a r g e :

1. the A r o n - S c o t t s method for
c o n t i n u o u s l y d e cr ea s ing d i s c h a r g e ;

2. the C o o p e r - J a c o b s s t ep type
p u m p i n g ; and

3 . t h e T h e i s u n s t e a d y - s t a t e f l o w .
N o n e of the s e m e t h o d s proved to be s u c c e s s f u l and the d a t a were
a n a l y z e d u s ing t h e f o l l o w i n g pro c edur e s .

P u m p i n g test d a t a were a n a l y z e d
u s ing T h e i s curve m a t c h i n g ( u s i n g t h e e a r l y drawdown d a t a ) ,
J a c o b s s t r a i g h t l i n e m e t h o d , and recovery d a t a . The recovery

O
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data were analyzed using T h e i s curve matching at M W - 2 5 , the
only we l l monitored during recovery. T h e i m - D u p u i t ' s method was
c o n s i d e r e d ; however, because the data i n d i c a t e d there was no
concentric boundary of constant head around the p u m p i n g w e l l ,
all the a s sumpt i on s were not met and th i s method was not used.
R e s u l t s are l i s t e d in T a b l e 4-7.

T a b l e 4-7 shows the average
h y d r a u l i c c o n d u c t i v i t y and t r a n s m i s s i v i t y to be 7.9 x 10*"3

en s / s e c and 4.0 x 10 3 g p d / f t , r e s p e c t i v e l y . The h y d r a u l i c
c o n d u c t i v i t y was c a l c u l a t e d u s ing an average sa tura t ed
t h i c k n e s s of 24 f e e t , based on f i e l d measurement s made on
1 2 / 1 8 / 8 5 , t h e day o f t h e p u m p i n g t e s t . The h y d r a u l i c
c o n d u c t i v i t y values are w i t h i n the range of p u b l i s h e d values
f o r a s i l t y s a n d . Because o f t h e lov; h y d r a u l i c c o n d u c t i v i t y ,
the a q u i f e r w o u l d be c on s id er ed m a r g i n a l as a source of water.

4.5.1.2 G r p u n d w a t e r F l o w - T h e water t a b l e
a g ^ i f e r is in d irec t h y d r a u l i c connection with the Brazos
River . T h e r e f o r e , i n t e r p r e t a t i o n o f water level measurements
must c o n s i d e r t h e e f f e c t o f t h e river s t a g e . T h e river s t a g e
at the SDS s i te can be a p p r o x i m a t e d by u s ing USGS d a t a , s i t e
e l e v a t i o n s , river e l e v a t i o n dur ing low f l o w , and visual
ob s ervat ions by a f i e l d h y d r o l o g i s t .

T h e U S G S o p e r a t e s a g a g i n g s t a t i o n
on the Brazos River near H e m p s t e a d , 14 m i l e s downstream of the
SDS s i t e , as d i s cus s ed in S e c t i o n 4.3.2.1. T h i s s t a t i o n
records s tage he ight and di s charge. U s i n g s tage height

CDinrooo
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T a b l e 4-7
S U M M A R Y O F W A T E R T A B L E A Q U I F E R C H A R A C T E R I S T I C S

M e t h o dW e l l N u m b e r
J a c o b s

M W - 2 1
K W - 2 3
M W - 2 4
M W - 2 5

The i s
M W - 2 1
M W - 2 5

Recovery
M W - 2 5

T r a n s m i s s i v i t y

A v e r a g e

3.3 x 103

4,2 x 103

€ • 2 x 1 0 3

5.4 x 103

2.1 x 103

3.6 x 103

2.9 x 1Q3

4.0 x 103

6.6 X 10"3

8.4 X 10"3

1.2 X 10-2
1-1 X 10-2

4.2 x 10~3

7.2 x 10~3

5.8 X 1Q-3

7.9 X 10"3
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( e l e v a t i o n s ) at this g a g i n g s tat ion and f i e l d measurements made
at the SDS site during low f l o w , a correction f a c t o r was
d e t e r m i n e d .

On 7 / 1 3 / 8 4 the s u r f a c e water
e l e v a t i o n at the H e m p s t e a d s t a t i on was 120.5 f e e t Mean Sea
I*evel (MSL). A l i c e n s e d survey crew measured the e l eva t i on o f
the river at the SDS s i t e as 129.5 MSL that d a y . On 1 1 / 2 2 / 8 5
at M W - 1 8 , the groundwater e l evat ion was 132.9 f e e t M S L ,
as suming a 0.5 f o o t d i f f e r e n c e between M W - 1 8 and the river
based on h y d r a u l i c g r a d i e n t . The s u r f a c e water e l e v a t i o n at
t h e H e m p s t e a d s t a t i o n o n 1 1 / 2 2 / 8 5 w a s 122 .9 f e e t M S L . T h e
correction f a c t o r at the H e m p s t e a d s ta t i on i s 9.5 f e e t . T h i s
f a c t o r is a p p r o x i m a t e and w i l l be r e f i n e d based on da ta
o b t a i n e d f o r t h e G r o u n d w a t e r M i g r a t i o n M a n a g e m e n t R I .

F i g u r e 4-11 shows the mean d a i l y
s t ag e e l e v a t i o n of the Brazos River at the SDS site dur ing the
m o n i t o r i n g p e r i o d . T h i s f i g u r e shows the s tage h e igh t on the
day p r e c e d i n g a water l ev e l measurement and on the day the
water level measurement was made. F i g u r e 4-11 does not show
changes in s tage h e i g h t s which occurred between groundwater
l e v e l m e a s u r e m e n t s m e a s u r i n g e p i s o d e s .

F i g u r e 4-11 shows that the Brazos
River s t a g e f l u c t u a t e d w i d e l y during the moni tor ing p er i od .
M a x i m u m and minimum river s tage s were c a l c u l a t e d to be 1 5 3 . 9
f e e t a n d 130.5 f e e t M S L , r e s p e c t i v e l y , f o r t h e da t e that water
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Date
1 1 / 6 / 8 5
11/13/85
1 1 / 2 2 / 8 5
1 2 / 6 / 8 5
1 2 / 1 3 / 8 5
1 2 / 1 9 / 8 5
1 / 3 / 8 6
1 / 1 4 / 8 6
1 / 1 5 / 8 6
2 / 6 / 8 6
2 / 7 / 8 6
3 / 2 0 / 8 6
3 / 1 / 8 6
4 / 2 3 / 8 6
4 / 2 4 / 8 6
5 / 8 / 8 6
5 / 0 / 8 6
6 / 1 0 / 8 6
6 / 1 1 / 6 6
7 / 1 4 / 8 6
7 / 1 5 / 8 6
8 / 1 7 / 8 6
8 / 1 8 / 8 6
7 / 1 7 / 8 C
9 / 1 8 / 8 6
1 0 / 2 6 / 8 6
1 0 / 2 7 / 8 6
1 1 / 2 7 / 6 6
1 1 / 2 8 / 8 6
1 / 2 / 8 7

Brazos River

Discharge( c f s )
3,7002 , 2 6 9
2,74014,800

36,00015,200
4,000
3,475
2,870

47,400
45,100

2,050
2,150
1,470
1,350
6 , 5 0 0
5 ,770

2 9 , 3 0 0
2 5 , 4 0 0

5 , 3 0 0
5 , 9 6 0
1 , 6 5 0
1 , 5 4 0
7 , 2 5 0
7 , 1 9 0

2 0 , 7 0 0
1 5 , 2 0 0
1 3 , 7 0 0
1 2 , 7 0 0

N A

T a b l e 4-8
Gage H e i g h t s and

GageH e i g h t ( f t )
NR4*455.0513.90

21.514.1
6,65
6.105.412 6 . 5 425.834.15
4.29
3.263.06
8.858.25

2 0 . 6 9
19.17

7.70
8.29
3 . 5 5
3.37
9.20
9.15

16.68
14.03
13.30
12.75

N A

Dischargee

.niver E l e v a t i o n atT h e S D S S i t e ( f t M S L )

131.75
132.45141.3
148.9141.5
134.05
133.5
132.81
1 5 3 . 9 4
1 5 3 . 2 3
131.55
131 .69
130.66
130.46
1 3 6 . 2 5
1 3 6 . 6 5
148.09
146.57
1 3 5 , 1 0
1 3 5 . 6 9
130.95
130.77
1 3 6 . 6 0
1 3 6 . 5 5
144.08
141.48
140.70
140.15

N A
S o u r c e : P r e l i m i n a r y U S G S Data

4 - 4 6
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level measurements were made. River s tage height and d i s charge
values at the H e m p s t e a d gaging s tat ion are l i s t e d in T a b l e 4-8.

W a t e r l eve l s in the water tab l e
a g u i f e r f l u c t u a t e wi th th e Brazos River s tage . H o w e v e r , t h e
groundwater- l eve l f l u c t u a t i o n s are le s s then the river s tage
f l u c t u a t i o n s The range of water level e l e v a t i o n s i s
summarized in T a b l e 4-9. W a t e r level measurements for all the
m o n i t o r i n g w e l l s are shown in A t t a c h m e n t 4E.

The r e l a t i o n s h i p between river s tage
e l e v a t i o n and groundwater level f l u c t u a t i o n s is shown in F i g u r e
4-12. F i g u r e 4-12 compares river s t ag e e l e v a t i o n w i t h water
e l e v a t i o n s at w e l l s M W - 1 and M W - 6 . The groundwater level
f l u c t u a t i o n s mirror t h e river s tage f l u c t u a t i o n s . T h e e f f e c t s
of the river on groundwater l e v e l s is d e p e n d e n t on the d i s t a n c e
f r o m the river. T h i s r e l a t i o n s h i p is shown in T a b l e 4-9.

T a b l e 4-9 shows the m a g n i t u d e of
change in groundwater-level e l eva t ion at a po int over the
m o n i t o r i n g p e r i o d d e p e n d s on the d i s t a n c e f r o m the river.
W e l l s M W - i , M W - 1 6 , and M W - 1 8 are about 200 f e e t f r o m the river
and th e i r water l eve l f l u c t u a t e d about 9 . 5 , 8.3 and 8.5 f e e t ,
r e s p e c t i v e l y . As wel l d i s t a n c e f r o m the river increases, the
water- l eve l f l u c t u a t i o n s range decreases. W e l l M W - 6 (about

COintooo
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WellNumber
MK-i
M W - 3
MW-5
MW-6
MW-8
MK-10
MW-12
MW-15
MK-16
MW-1S
M W - 1 S
M W - 2 1
MW-23
MK-24
MW-25
M W - 2 9

Source:

Table 4-9

Range of Waters-Level Elevaticrfi in

Maximnn MinimumElevation Elevation( f t - K S L ) Date ( f t - M S L )
141.83
140.11
139.85
139.63
138.99
138.41
143.01
140.95
140.98
141.17
142.03
138 . 58
138 . 54
138.50
136.57
135.48

1/2/87
1/2/87
1 2 / 6 / 8 5
1/2/87
1 / 2 / 8 7
1/2/87
1 / 2 / 8 7
1 / 2 / 8 7
1/2/87
1 / 2 / 8 7
1 / 2 / 8 7
1/2/87
1/2/87
1/2/87
1/2/87
1/2/87

132.29
133.40
134.20
135.74
136.01
136.32
141.11
133.76
132.70
132.71
138.40
136.50
136.95
137.00
136.54
136.57

the Water T f e b l e Aquifer

Date
4/24/86
11/22/86
1 1 / 2 2 / 8 5
11/22/85
11/22/85
11/22/85
11/22/85
4 / 2 4 / 8 6
4/24/86
4 / 2 4 / 8 6
11/2/85
12/13/85
12/19/85
2 / 7 / 8 6
12/13/85
1 2 / 1 3 / 8 5

Range( f t )
• 1 1* I l l l !.*• '

9.54
6.71
5.65
3.89
2.98
2.09
1.90
7.19
8.28
8.46
3.63
2.08
1.59
1.50
2.05
1.91

FEI Field Measurements

4 - 48
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1700 f e e t f rom the river) f l u c t u a t e d over a range of 3.9 f e e t .
The water level in W e l l M W - l o , about 2800 f e e t f rom the river,
f l u c t u a t e d over a range of 2 f e e t .

T h e d i r e c t i o n o f groundwater f l o w i s
a l s o d e p e n d e n t on river s t ag e h e igh t . During low river s t a g e ,
the groundwat e r moves northward and d i s c h a r g e s into the river.
T h i s is shown in F i g u r e 4-13. F i g u r e 4-13 is based on
w a t e r - l e v e l d a t a ob ta ined on 4 / 2 4 / 8 6 when the river s t a g e
e l e v a t i o n had been low for an e x t e n d e d p e r i o d of t ime.

G r o u n d w a t e r f l o w d i r e c t i o n s a r e
d i f f e r e n t d u r i n g a h i g h river s tage p e r i o d than d u r i n g a l ow
river s tage . T h e h igh river s t a g e groundwat er f l o w d i r e c t i o n s
are shown in F i g u r e 4-14. F i g u r e 4-14 is based on wat er- l eve l
d a t a o b t a i n e d on 2 / 7 / 8 6 when the Brazos River was at one of its
h i g h e s t s t a g e s . G r o u n d w a t e r f l o w near th e river i s s o u t h w a r d ,
f r o m the river into the water t a b l e a q u i f e r . F i g u r e 4-14 shows
two main g r o u n d w a t e r f l o w d i r e c t i on s . N e a r the river, i t i s to
the s ou th , wh i l e near C l a r k Lake groundwater f l o w is to the
wes t-northwes t .

T h i s p a t t e r n o f s h i f t i n g groundwater
f l o w d i r e c t i o n s i s very c on s i s t en t ; when river s tage e l e v a t i o n s
are l o w , g r o u n d w a t e r f l o w i s northward to the river. As the
river s t a g e increase , t h e g r o u n d w a t e r f l o w d i r e c t i o n s h i f t s
f r o m north to s ou th; f l o w i s then f r o m the river into the water

00in̂
oo
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t a b l e a q u i f e r . F i g u r e 4-11 shows that numerous high river
s tage peaks occurred on the Brazos River to document t h i s
p a t t e r n .

The f r e q u e n c y and d u r a t i o n o f
g r o u n d w a t e r movement f r o m the river into the water t a b l e
a q u i f e r cannot be d e t e rmined f r o m the d a t a a v a i l a b l e .

G r o u n d w a t e r v e l o c i t i e s vary d u r i n g
the year based on the g r o u n d w a t e r g r a d i e n t . The s t e e p e r the
g r a d i e n t , t h e f a s t e r t h e rate o f g r o u n d w a t e r f l o w . T a b l e 4-10
shows groundwat e r v e l o c i t i e s vary f r o m 57 to 157 f e e t / y e a r and
are d e p e n d e n t on river s tage . The f o r m u l a used to c a l c u l a t e
the v e l o c i t i e s was:

V = K ( h x - h 2 )

W h e r e

n

V
Kh
Ln

v e l o c i t yh y d r a u l i c c o n d u c t i v i t yh e i g h t of water observed in w e l ld i s t a n c e between w e l l sp o r o s i t y

CM
Oinr-ioo
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T a b l e 4-10
Water T a b l e A q u i f e r ( S t r a t a A and B)Groundwater V e l o c i t i e s

H y d r a u l i c V e l o c i t yDate G r a d i e n t ( f t / f t ) ( f t / y r )
2 / 7 / 8 6 0.0046 157
2 / 7 / 8 6 0.0021 71
4 / 2 4 / 8 6 0.0017 57

G r o u n d w a t e r Riverf l o w d irec t ion S t a g e
south h i g hnorthwest highnorth-northwest low

N o t e : H y d r a u l i c g r a d i e n t measured a t groundwat er d i r e c t i o narrows in F i g u r e s 4-13 and 4-14. E f f e c t i v e poro s i ty was 24percent based on sieve a n a l y s i s shown in A p p e n d i x 4A.
The amount o f groundwater f l o w i n g

f r o m the a l l u v i u m at the s i te into the Brazos River car. be
c a l c u l a t e d us ing D a r c y ' s f l o w equat ion. T h e c o n t r i b u t i n g area
was measured f r o m the eas t ern edge of the pond to the western
p r o p e r t y boundary (1400 f e e t ) . Based on th i s measurement, a
sa tura t ed th i ckne s s o f 20.7 f e e t , h y d r a u l i c grad i en t o f 0.0021
f t / f t o n 1 1 / 2 2 / 8 5 a n d a h y d r a u l i c c o n d u c t i v i t y o f 8160 f t / y r ,
the f l o w into the river is 7.1 gpm. The f l o w in the river at
the H e m p s t e a d s t a t i on on 1 1 / 2 2 / 8 5 was 1.2 m i l l i o n g p m .
G r o u n d w a t e r f l o w f r o m th e SDS site makes a very i n s i g n i f i c a n t
c o n t r i b u t i o n ( 0 . 0 0 0 3 2 % ) t o t o t a l Brazos River f l o w .

4 . 5 . 2 F i r s t _ C o n f i n e d A q u i f e r - U n d e r l y i n g t h e water
t a b l e a q u i f e r , and s eparated f r o m it by a c lay a q u i c l u d e , is
t h e f i r s t c o n f i n e d a q u i f e r ( S t r a t u m D ) . A n a q u i f e r i s c a l l e d
c o n f i n e d i f the water w i l l rise above the bo t t om of the
c o n f i n i n g bed to an e l e v a t i o n at which it is in ba lance wi th
a tmospher i c pressure and which r e f l e c t s the pressure in the

Oo
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a q u i f e r a t t h e po int o f p e n e t r a t i o n . The f i r s t c o n f i n e d
a q u i f e r at the s i t e is a 10 to 1 2 - f o o t th i ck sand l a y e r tha t is
a p p r o x i m a t e l y 85 f e e t be low grade. The c o n f i n i n g layer is a 25
to 30- foo t thick clay layer ( S t r a t u m C) immed ia t e ly above the
sand. S t r a t u m C s e p a r a t e s t h e f i r s t c o n f i n e d a q u i f e r f r o m th e
water t a b l e a q u i f e r ( S t r a t a A a n d B ) .

S e v e r a l w e l l s have been i n s t a l l e d in the f i r s t
c o n f i n e d a q u i f e r . The f i r s t w e l l , W e l l - 9 , was used as a
p r o d u c t i o n w e l l f o r t h e f a c i l i t y t o s u p p l y washdown water.
C o n s t r u c t i o n d e t a i l s f o r W e l l - 9 a r e n o t a v a i l a b l e a n d th i s w e l l
may not be screened in the f i r s t c o n f i n e d or water t a b l e
a q u i f e r . A second w e l l , MW-2, was c ompl e t ed in the f i r s t
c o n f i n e d a q u i f e r i n 1972 t o c o m p l y w i th t h e s i t e ' s was t e
d i s p o s a l p e r m i t and s u b s e q u e n t l y has been converted into a
s tock water ing w e l l . REI has i n s t a l l e d 8 a d d i t i o n a l w e l l s in
the f i r s t c o n f i n e d a q u i f e r since 1984.

4.5 .2 .1 H y d r a u l i c _ C h a r a c t e r i s t i c s - One
p u m p i n g w e l l ( M W - 2 0 ) a n d 4 p i e z o m e t e r s ( M W - 2 2 , 2 6 , 2 7 , 2 8 ) were
i n s t a l l e d t o f u l l y p e n e t r a t e t h e a q u i f e r . T h e s e w e l l s were
used to determine the hydrau l i c characteri s t i c s of the c o n f i n e d
a q u i f e r . The wel l l o c a t i o n s were chosen a c c o r d i n g to the EPA
a p p r o v e d " H y d r o l o g i c a l I n v e s t i g a t i o n P l a n . 1 ' P r o t e c t i v e s u r f a c e
ca s ing s were i n s t a l l e d in the pump tes t we l l and the
p i e zome t e r s to i s o la t e the c on f ined a q u i f e r f r o m the water
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t a b l e a q u i f e r . The construct ion d e t a i l s o f these monitor v e i l s
are described in A p p e n d i x 4B. D e v e l o p m e n t proc edure s are
di s cu s s ed in A p p e n d i x 4C*

A p u m p test was conducted on 2 / 1 1 / 8 6
wi th a p u m p i n g rate of 10.3 gpm. Severa l me thod s were used to
a n a l y z e t h e da ta f n c l u d i n g : T h e i s curve m a t c h i n g ,
H a n t u s h ~ J a c o b l e a k y a q u i f e r s o l u t i o n , t ime-drawdown, recovery,
and d i s t a n c e - d r a w d o w n . T h e s e f i v e a n a l y t i c a l me thod s were used
to cross-check the v a l i d i t y o f the m a t h m a t i c a l s o l u t i o n to
d e t e r m i n e i f a q u i f e r c h a r a c t e r i s t i c s were c on s i s t en t . A l l t h e
m e t h o d s p r o d u c e d s i m i l a r r e s u l t s , and are summarized in T a b l e
4-11. G r a p h s and c a l c u l a t i o n s are p r e s e n t e d in A p p e n d i x 4 - F .

T a b l e 4-11 l i s t s the average
p e r m e a b i l i t y , t r a n s m i s s i v i t y , and s t o r a g e c o e f f i c i e n t as 5.8 x
10~3 c m / s e c , 1.4 x 103 g p d / f t and 7.6 x 10~4 ( u n i t l e s s ) ,
r e s p e c t i v e l y . The p e r m e a b i l i t y was c a l c u l a t e d us ing an average
s a t u r a t e d t h i c k n e s s o f 11 f e e t based on d r i l l i n g l o g s . The
p e r m e a b i l i t y va lue i s w i t h i n th e range o f p u b l i s h e d p e r m e a b i l i -
t i e s f o r a f i n e t o medium grained sand. The va lu e s i n d i c a t e
that there i s p o t e n t i a l for good water movement through th i s
a q u i f e r . T h e a q u i f e r wou ld e a s i l y su s ta in a d o m e s t i c water
w e l l , bu t may no t su s ta in a l ow p r o d u c i n g i r r i g a t i o n w e l l . It
could not s u s t a i n a m u n i c i p a l p r o d u c t i o n w e l l .

4 .5 .2 .2 G r o u n d w a t e r . F l o w - T h e f i r s t
c o n f i n e d a q u i f e r may be h y d r a u l i c a l l y connected to the Brazos
River at some p o i n t . Eigh t m o n i t o r i n g w e l l s have been
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4-11
Sunnary of Hydraulic Characteristics cf the First CtnfinedAquifer (Stratum D)

W e l lNumber
H I 1 I m i — — i H .

MW-22

M K - 2 6

MW-27

MW-28

Analysis_. Method
Iheis curve
H-J Leaky aquifer
Time-drawdown
Recovery

Theis curve
H-J Leaky aquifer
Tune-drawdown
Recovery

Ihei s curve
H-J Leaky aquifer
Time-drawdown
Recovery

Iheis curve
H-J Leaky aquifer
Time-drawdown

Hydraul i cconductivity(cm/sec)
8.3 x 10-3
7.2 X 10-3
1 . 2 X I D ' 3

8.3 X 10-3

1.2 X 10-2
5.2 X 1C"3

1.4 x ID" 2

3.1 x ID" 3

1.6 x I D " 3

2.8 x 10-3
2 . 8 X I D ' 3

1.4 X 1 0 ' 3

1.8 X lO"3

1.9 :c ID" 3

Trans-aissivity Storage— — f e P f l / f t ) C o e f f i c i e n t
1.9 X 103 2.2 x 10-4
1.7 X 103 1.6 x 10*4
3.0 x 1C3 1.2 x 10-4
1.9 x 103 *

2.8 X 103 1.7 x 10-4
1.2 x 103 1.5 x 10-4
3.4 X 103 1.3 x 10-4

not monitored

7.3 x 10 2 2.4 X ID' 4

3.6 X 102 2.3 X 10-4
6.5 X 102 2.0 X ID'4

6.5 x JO 2 *

3.3 x 102 1.4 x 10-3
4.2 x 102 1.4 x 10*3
4.6 x 102 1.1 x ID'3

vQ
OinN
Ôo

Recovery not monitored
All four
piezoneters distance draudown 4.7 x 10-3 ^ x lo3 ^ y io_3

Average 5,8 X 10-3

*Storage c o e f f i c i en t not available with this method.
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i n s t a l l e d in the c o n f i n e d a q u i f e r ; see F i g u r e 4-10. F i g u r e
4-15 shows the r e l a t i o n s h i p between river stage e l evat ions and
the water- l eve l e l e v a t i o n in M W - 1 3 . Based on observation of
s a tura t ed t h i ckne s s , w e l l M W - 1 3 i s r e p r e s e n t a t i v e o f a l l the
w e l l s in the c o n f i n e d a q u i f e r . S i n c e it is located near the
river, it should show the maximum, if any, e f f e c t s of the river
s tate changes. F i g u r e 4-15 shows water-level f l u c t u a t i o n s in
the f i r s t c o n f i n e d a q u i f e r f o l l o w s the same p a t t e r n as river
changes. H o w e v e r , the f l u c t u a t i o n s are subdued and there is a
l a g t ime .

The range o f wat er- l eve l
f l u c t u a t i o n s in 8 m o n i t o r i n g w e l l s are summarized in T a b l e
4-12. A l l 8 m o n i t o r i n g w e l l s h a d s i m i l a r ranges. W e l l s M W - 7 ,
MW-13 and M W - 1 4 had the large s t range. T h i s i s p o s s i b l y due to
two reasons. T h e s e 3 w e l l s are closer to the river which may
have some e f f e c t and they were monitored for a l onger period of
t ime . A c o m p l e t e l i s t of water level measurements i s contained
in A t t a c h m e n t 4E.

T h e p o t e n t i o m e t r i c s u r f a c e o f t h e
c o n f i n e d a q u i f e r i s a lmos t l e v e l . As a r e s u l t , any change s in
the p i e z o m e t r i c p o t e n t i a l ( w a t e r - l e v e l ) can change the
d i r e c t i o n o f f l o w . W a t e r level e l evat ions were p l o t t e d using
all the a v a i l a b l e d a t a . Groundwater •'Mow at the s i te i s
g e n e r a l l y w e s t e r l y . H o w e v e r , t h e f l o w d i r e c t i o n varied f r o m

intooo
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W e l lNUmber
MW-7
MW-13
MW-14
MW-20
MW-22
MW-26
K K - 2 7
MW-28

Table 4-12
of Kater-Level Elevation in First Ocnfined Aquifer

MaximumElevation

139.66
140.32
140.29
139.59
139.56
139.55
139.56
139.44

Date
1/2/87
1/2/87
1/2/87
1/2/87
1 / 2 / 8 7
1/2/87
1/2/87
1/2/87

MinimumElevationi f t - M 5 L ) _
135.71
136.70
135.48
137.10
137.07
137.07
137.19
137.04

Date
11/22/85
4/24/85
11/22/85
4/24/86
4/24/86
4/24/86
4 / 2 4 / 8 6
4 / 2 4 / 8 6

W e l l
DistanceRange from River: f t i

3.95
3.62
4.81
2.49
2.49
2.48
2.37
2.40

1970
530
100

2270
2220
2270
2280
2270
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T a b l e 4-13
Groundwater F l o w Direction in the F i r s t C o n f i n e d A q u i f e r

Date
2 / 7 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6 / 1 1 / 8 6
7 / 1 5 / 8 6
8 / 1 8 / 8 6
9 / 1 8 / 8 6
1 0 / 2 7 / 8 6
1 1 / 2 8 / 8 61 / 2 / 8 7

Direc t i on*
west

northwestnorthwestwest-southwestnorthwes tnorthwes twestsouthwestsou th- southwes t

Brazos River_ S t a g e H e i g h t ^
h ighlowlowh i g hl ow-med iumlowlow-med iumh i g hh i g hh i g h

* F l o w d i r e c t i o n based o n W e l l s M W - 7 , M W - 1 3 , a n d M W - 1 4 ,

O
O

O
O
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east to northwest to southwest. T h i s is shown in T a b l e 4-13.
T h e G W M M K I wi l l f u r t h e r assess t h e p i e z o m e t r i c p o t e n t i a l
grad i en t o f t h e c o n f i n e d a q u i f e r .

T a b l e 4-13 l i s t s the groundwater
f l o w d irec t ions on various dates and the re lat ive stages of the
Brazos River for those dates. The groundwater f l o w direc t ion
is w e s t e r l y a m a j o r i t y of the time. T a b l e 4-13 s u g g e s t s there
may be a c o r r e l a t i o n between f l o w d i r e c t i o n and s tage. During
p r o l o n g e d low river stage (2 to 3 m o n t h s ) , the f l o w d i r e c t i on
is to the northwest. During pro longed high river s tage , the
f l o w d i r e c t i on s h i f t s t o a s ou th er ly d ir e c t i on. T h e f l o w
d i r e c t i o n can o s c i l l a t e between these two d i r e c t i o n s d u r i n g
t j u i c k l y c h a n g i n g river s tage events.

F i g u r e 4-16 shows the p i e z o m e t r i c
p o t e n t i a l o f the f i r s t c o n f i n e d a q u i f e r on 2 / 7 / 8 6 . A
t r i a n g u l a t i o n method ( t h r e e - p o i n t p r o b l e m ) was used between
w e l l s M W - 7 , M W - 1 3 , a n d M W - 1 4 t o de termine t h e d irec t ion o f
f l o w . As shown in the f i g u r e , the p o t e n t i a l or i n f e r r e d f l o w
is to the west. However , the w e l l s in the c lus ter ( M W - 2 0 , 22,
26, 27 and 28) show a d i f f e r e n t f l o w p a t t e r n .

The groundwater f l o w varies and
c o n f l i c t s with the f l o w d irec t ion shown in F i g u r e 4-16. T h i s
is not an anomaly. All the data f r o m the w e l l s in th i s c lu s t e r
showed c o n f l i c t i n g f l o w d i r e c t i on s . T h e r e a r e several p o s s i b l e
e x p l a n a t i o n s f o r these incons i s t encie s . The well c l u s t e r i s
over 2000 f e e t f r o m the river. It may take awhile for the
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e f f e c t s of changes in river stage to reach the w e l l s . W e l l s in
the c lu s t e r i n d i c a t e one f l o w d i r e c t i on . The w e l l s near the
river may i n d i c a t e a d i f f e r e n t f l o w d i r e c t i on . T h i s would b e
synonymous to a "wave" moving through the aqu i f e r*

A l s o , we l l M W - 2 7 is screened in a
s t ra tum that i s l i t h o l o g i c a l l y d i f f e r e n t than t h e other w e l l s .
T h i s would p o s s i b l y create a d i f f e r e n t p i e z o m e t r i c p o t e n t i a l i n
wel l M W - 2 7 . T h e r e ar e a l s o s l i g h t l i t h o l o g i c v a r i a t i o n s in th e
other w e l l s which may create s l i g h t d i f f e r e n c e s in the
p i e z o m e t r i c p o t e n t i a l . A s m e n t i o n e d , because t h e
p o t e n t i o m e t r i c s u r f a c e xs e s s e n t i a l l y l e v e l , any change in the
p i e z o m e t r i c p o t e n t i a l at a po int ( w e l l ) can cause a change in
f l o w d i r e c t i o n . During the m o n i t o r i n g p e r i o d , i t was observed
that very l a r g e and d e e p cracks a p p e a r e d in s o i l . Two of these
cracks went through w e l l s M W - 2 2 and H W - 2 8 and heaved the
concrete pad and p r o t e c t i v e ca s ing up by 2 to 3 inches. W a t e r
l eve l e l e v a t i o n s were measured f r o m the t op o f the p r o t e c t i v e
cas ing. As a r e s u l t , the p i e zome t r i c po t en t ia l c a l c u l a t e d f r o m
w e l l s M W - 2 2 a n d K W - 2 8 w i l l b e o f f b y several t en th s o f a f o o t .
T h e accuracy o f t h e W c \ t e r l e v e l measurements i s a p p r o x i m a t e l y
0.05 f e e t , so the s m a l l e s t measuring error could change the
d i r e c t i o n o f f l o w . T h e r e f o r e , cau t i on must b e ex erc i s ed in
r each ing any c o n c l u s i o n s about g r o u n d w a t e r f l o w d i r e c t i o n in
th e f i r s t c o n f i n e d a q u i f e r based on the se d a t a .
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Groundwater v e l o c i t i e s vary d u r i n g
the year based on the gradient of the p i e z ome t r i c s u r f a c e
( e . g . , t h e s t e e p e r t h e g r a d i e n t , t h e f a s t e r t h e f l o w ) . T a b l e
4-14 gives a range of groundwater v e l o c i t i e s and general
d i r e c t i o n at d i f f e r e n t t imes. T a b l e 4-14 shows that
g r o u n d w a t e r v e l o c i t i e s are very s low and the f l o w d i r e c t i o n is
v a r i a b l e . W a t e r l evel measurements are f o u n d in A p p e n d i x 4E.

T a b l e 4-14
Groundwater V e l o c i t i e s and Direction of theC o n f i n e d A q u i f e r ( S t r a t u m D )

Date
5 / 9 / 8 6
6 / 1 1 / 8 6
1 1 / 2 8 / 8 6

H y d r a u l i cG r a d i e n t ( f t / f t )
0.00030*
0.00027*
0.00014**

V e l o c i t y( f t / y r )
6.7
6.0
3.1

D i r e c t i o n
northwestnorthwes tsouthwest

RiverS t a q e
lowh i g hh i g h

* H y d r a u l i c g r a d i e n t measured between w e l l s M W - 1 3 and M W - 1 4** H y d r u a l i c g r a d i e n t measured between w e l l s M W - 1 3 and MW-7H y d r a u l i c c o n d u c t i t y = 5.8 x 10~3 c m / s e c for c a l c u l a t i o n s

N o t e : V e l o c i t i e s were c a l c u l a t e d u s ing a n e f f e c t i v e p o r o s i t yof 27 p e r c e n t , based on sieve a n a l y s i s shown in A p p e n d i x 4A.

4 - 5 . 2 . 3 H y d r a u l i c P o t e n t i a l - A h y d r a u l i c
p o t e n t i a l e x i s t s f o r groundwat er t o f l o w downward f r o m t h e
water t a b l e a q u i f e r t o t h e f i r s t c o n f i n e d a q u i f e r , i f t h e water
e l e v a t i o n o f the water t a b l e a q u i f e r i s grea t er than the
p i e z o m e t e r p o t e n t i a l i n t h e c o n f i n e d a q u i f e r . G r o u n d w a t e r w i l l
f l o w upward f r o m t h e f i r s t c o n f i n e d t owards t h e water t a b l e
a q u i f e r , i f t h e p i e z o m e t r i c p o t e n t i a l o f t h e f i r s t c o n f i n e d
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a q u i f e r is greater than the water level e l e v a t i o n in the water
t a b l e a q u i f e r .

T h r e e w e l l s f r o m t h s water t a b l e
a q u i f e r were p a i r e d with three w e l l s f r o m th e f i r s t c o n f i n e d
a q u i f e r t o d e t e rmine the d i r e c t i o n o f the h y d r a u l i c p o t e n t i a l
( v e r t i c a l , h y d r a u l i c g r a d i e n t ) . The p a i r e d w e l l s ar e in c lo s e
p r o x i m i t y to each other to de t ermine the h y d r a u l i c p o t e n t i a l at
that p o i n t . T h e p a i r e d w e l l s are: M W - 1 3 / M W - 1 5 , M W - 6 / M W - 7 , a n d
K W - 2 0 / M W - 2 9 .

A d d i t i o n a l w e l l s are p r o p o s e d to be
i n s t a l l e d in the f i r s t c o n f i n e d a q u i f e r a s part o f the
G r o u n d w a t e r M i g r a t i o n M a n a g e m e n t R I . T h e s e m o n i t o r i n g w e l l s
w i l l be used to b e t t e r d e f i n e the d i r e c t i o n o f f l o w in the
c o n f i n e d a q u i f e r .

T a b l e s 4-15, 4-16, and 4-17 show the
water l e v e l s e l e v a t i o n s f or each p a i r and th e d i r e c t i o n o f th e
h y d r a u l i c p o t e n t i a l . T a b l e 4-15, p a i r M W - 1 3 / M W - 1 5 , shows that
t h e d i r e c t i o n o f t h e h y d r a u l i c p o t e n t i a l f r e q u e n t l y sw i t che s
back and f o r t h . W h e n these d a t a are compared to river s t a g e
e l e v a t i o n s , i t i s a p p a r e n t t h a _ :"""the h y d r a u l i c p o t e n t i a l i s
downward d u r i n g h i g h river s t a g e s and upward d u r i n g low river
s t a g e s .

P a i r M W - 6 / M W - 7 i s f a r t h e r f r o m t h e
river and high river s t a g e s have l e s s of an e f f e c t on the
d i r e c t i o n o f the h y d r a u l i c p o t e n t i a l . T a b l e 4-16 shows that
the h y d r a u l i c p o t e n t i a l is upward most of the time.
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T a b l e 4-15
H y d r a u l i c Potent ia l at MW-13 and K t f - 1 5

Date
1 1 / 2 2 / 8 5
1 2 / 6 / 8 5
1 2 / 1 3 / 8 5
1 2 / 1 9 / 8 5
1 / 3 / 8 6
1 / 1 4 / 8 6
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6 / 1 1 / 8 6
7 / 1 5 / 8 6
8 / 1 8 / 8 6
9 / 1 8 / 8 6
1 0 / 2 7 / 8 6
1 1 / 2 8 / 8 6
1 / 2 / 8 7

E l e v a t i o nM W - 1 3 *( f t - M S L )
135 .62142.16***138.19
138,10
138.05
137.82
1 3 8 . 3 9137.90
136.70
137.58
1 3 9 . 5 9
139.01
137.78
137.70
138.31
138.46
140.32

* M o n i t o r w e l l i n s t a l l e d in
** M o n i t o r i n g
* * * E l e v a t i o n

we l l i n s t a l l e d

E l e v a t i o nM W - 1 5 * *( f t - M S L )
1 3 5 . 3 2138.35
139.73
139.28
136.56
135.85
139.91
134.91
133.76
136.58
140.51
137.24
134 .59
136.75
139.14
138.51
140.95

c o n f i n e d a q u i f e r
in water t a b l e a q u i f e r

H y d r a u l i cP o t e n t i a lDir e c t i on
.. , ; .W ,.,,;,,F-downdownupupdownupupupdownupupupdowndowndown

incorrect due to a p p a r e n t mea sur ing error
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T a b l e 4-16
H y d r a u l i c Potent ial at H W - 6 and MW-7

Date
1 1 / 2 2 / 8 5
1 2 / 6 / 8 5
1 2 / 1 3 / 8 5
1 2 / 1 9 / 8 5
1 / 3 / 8 6
1 / 1 4 / 8 6
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6 / 1 1 / 8 67 / 1 5 / 8 6
8 / 1 8 / 8 6
9 / 1 8 / 8 6
1 0 / 2 7 / 8 6
1 1 / 2 8 / 8 6
1 / 2 / 8 7
* M o n i t o r i n g
** M o n i t o r i n g

E l e v a t i o n
M W - 1 3 *( f t - M S L )

135.74137.15
137.34
137.88
137.8
1 3 7 , 4 8
1 3 7 . 6 2
1 3 7 . 3 3
1 3 6 . 4 9
137.28
138.57
1 3 8 . 5 5
137.40
137.54
1 3 8 . 2 6
138.17
1 3 9 . 6 3

w e l l i n s t a l l e d
w e l l i n s t a l l e d

E l e v a t i o nM W - 1 5 * *( f t - M S L )
135.71
136.98
137.68
137. 69
137.68
137.47
138.02
137.54
136.88
137.43
138.78
138.68
137.63
137.65
138.16
138.19
1 3 9 . 6 6

in water t a b l e a q u i f e r
in c o n f i n e d a q u i f e r
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Date
1 2 / 1 3 / 8 5
1 2 / 1 9 / 8 5
1 / 3 / 8 6
1 / 1 4 / 8 6
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6 / 1 1 / 8 6
7 / 1 5 / 8 6
8 / 1 8 / 8 6
9 / 1 8 / 8 6
1 0 / 2 7 / 8 6
1 1 / 2 8 / 8 6
1 / 2 / 8 7
* M o n i t o r i n g
** M o n i t o r i n g
* * * E l e v a t i o n

T a b l e 4-17
H y d r a u l i c Potential at M W - 2 0 and M W - 2 9

E l e v a t i o nM W - 2 0 *( f t - M S L )
137.51137.67
137.70
137.54
137.96
137.15
137.10
137 .53
138.70
138.63
137.84
139.67***
138.33
138.37
1 3 9 . 5 9

w e l l i n s t a l l e d
w e l l i n s t a l l e d

E l e v a t i o n H y d r a u l i cM W - 2 9 * * P o t e n t i a l( f t - M S L ) Dire c t i on
136.57 up
137.00 , ... -..;.. ;.; up
137.43 up
137.28 up
137.12 up139.25***
137.16 down
137.24 up
137.78 up
138.25 up
137.78 up
137.70
137.82 up
137.97 up
138.48 up

in c o n f i n e d a q u i f e r
in water t a b l e a q u i f e r

incorrect due to a p p a r e n t mea sur ing error
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Pair M W - 2 0 / M W - 2 9 i s the f a r t h e r p a i r
f r o m the river; the river has even a le s s er i n f l u e n c e at this
pa ir . T a b l e 4-17 s h o v / s that the h y d r a u l i c p o t e n t i a l was
downward only on 4 / 2 4 / 8 6 . The rest of the time the h y d r a u l i c
p o t e n t i a l was u p w a r d .

The dura t i on that. any p a r t i c u l a r
h y d r a u l i c p o t e n t i a l d i r e c t i o n l a s t s , or when it change s , cannot
b e c o n c l u s i v e l y d e t e r m i n e d f r o m a v a i l a b l e d a t a . T h e G W M M R . I .
w i l l a d d r e s s t h i s issue f u r t h e r ,

4 . 5 . 3 H y d r a u l i c C h a r a c t e r i s t i c s o f S i t e A q u i c l u d e s
T h e r e are three s t r a t a on s i t e that re s tric t ver t i ca l

groundwater f l o w : A, C and E. Laboratory and f i e l d
p e r m e a b i l i t i e s were measured f or these three s t ra ta .

T h r e e in s i tu f i e l d p e r m e a b i l i t i e s were measured in
t h e s i l t y c l a y o f S t r a t u m A . D e t a i l s o f c o n s t r u c t i o n , l o c a t i o n
and c a l c u l a t i o n s are shown in A p p e n d i x 4-G. F i e l d r e s u l t s were
compared t o l a b o r a t o r y p e r m e a b i l i t y r e s u l t s . L a b o r a t o r y
p e r m e a b i l i t y w a s c a l c u l a t e d using t h e F a l l i n g H e a d P e r m e a b i l i t y
T e s t w i t h s u p e r i m p o s e d a ir pre s sure on u n d i s t u r b e d soil s a m p l e s
f o l l o w i n g the Army C o r p s o f Engineer s M a n u a l EM 1110-2-1906.
T a b l e 4-18 compare s th e l a b o r a t o r y r e s u l t s and th e f i e l d
r e s u l t s .
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T a b l e 4-18

In S i t u and Laboratory Permeab i l i t i e s of S t r a t u m A

L a b o r a t o r y R e s u l t s F i e l d Resul t
Borehole D e p t h P e r m e a b i l i t y S l u g T e s t D e p t h P e r m e a b i l i t yN u m b e r ( f t ) ( c m / s e c ) _ N u m b e r ( f t ) ( c m / s e c )

2021
2?.

6 8.1 X 10~9

10 8.6 x 10"9

6 2.4 x 10~9
23
2323

5.4 x 10~9

7.9 X 10"9

1.7 x 10"8

T a b l e 4-18 compares the in s i tu r e s u l t s to l abora t ory
r e s u l t s f r o m boreho l e s that are in the same s t r a t i g r a p h i c
uni t . T h e s e were d e s i g n e d to measure the p e r m e a b i l i t y of the
s i l t y c lay under the evaporat ion system as d e t a i l e d in the HIP.

All r e s u l t s show that the s i l t y c l a y has a l ow
p e r m e a b i l i t y , 10~8 t o 1Q~9 c m / s e c . T h i s l ow p e r m e a b i l i t y
r e s t r i c t s the i n f i l t r a t i o n of rainwater and the vertical
movement o f groundwat er .

S t r a t u m c i s a dense c l a y l a y e r s e p a r a t i n g the two
sand l a y e r s , S t r a t a B and D. Labora t ory h y d r a u l i c
c o n d u c t i v i t i e s were measured on 8 s a m p l e s f r o m t h i s s t ra tum and
are l i s t e d in T a b l e 4-19. The h y d r a u l i c c o n d u c t i v i t i e s ranged
f r o m 7,6 x 10"7 to 8.4 x 10~10 c m / s e c and the med ian was 4.4 x
10~8 cm/ s e c .
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In some cases, the h y d r a u l i c c o n d u c t i v i t y of the
u p p e r c o n f i n i n g c l a y can be c a l c u l a t e d f r o m p u m p i n g tes t d a t a .
P u m p i n g te s t d a t a were a n a l y z e d u s ing t h e M o d i f i e d H a n t u s h
t h e o r y , H a n t u s h - J a c o b m e t h o d , and the Bureau of R e c l a m a t i o n
a n a l y s i s . R e s u l t s of the se a n a l y s e s are shown in T a b l e 4-20.
T a b l e 4-20 shows th e h y d r a u l i c c o n d u c t i v i t y o f S t r a t u m c ranged
f r o m 2.3 x 10~3 to 1.4 x 10~5 c m / s e c wi th a m e d i a n va lue of 2.2
x 10"4 c m / s e c .

T h e H a n t u s h - J a c o b a n d Bureau o f R e c l a m a t i o n m e t h o d s
c a l c u l a t e a h y d r a u l i c c o n d u c t i v i t y f o r t h e u p p e r c o n f i n i n g c l a y
( S t r a t u m C ) b y p u m p i n g t h e c o n f i n e d a q u i f e r ( S t r a t u m D ) , a n d
a s s u m i n g that a l l recharge i s by l e a k a g e t h r o u g h S t r a t u m C.
T h e s e m e t h o d s do no t account for recharge into S t r a t u m D f r o m
t h e u n i t s u n d e r l y i n g S t r a t u m D . N o r d o they account f o r
r e charge t o S t r a t u m D f r o m s t o r a g e w i t h i n S t r a t u m C . T h u s , t h e
a p p a r e n t h y d r a u l i c c o n d u c t i v i t i e s o f S t r a t u m C c a l c u l a t e d b y
t h e s e m e t h o d s may be a r t i f i c i a l l y h i g h .

T h e M o d i f i e d H a n t u s h me thod i n c o r p o r a t e s t h e e f f e c t s
o f r e charge t o S t r a t u m D f r o m s t orage w i t h i n t h e c o n f i n i n g
S t r a t u m C, as w e l l as l e a k a g e t h r o u g h S t r a t u m C, and thus is a
more a p p l i c a b l e t h e o r y . T h e h y d r a u l i c c o n d u c t i v i t i e s o f
S t r a t u m C c a l c u l a t e d b y t h e M o d i f i e d H a n t u s h method under t h e
a s s u m p t i o n s that a l l r e charge t o S t r a t u m D i s d e r iv ed f r o m
l e a k a g e t h r o u g h and s t o r a g e w i t h i n S t r a t u m C are given in T a b l e
4-20. L e a k a g e t h r o u g h and s t o rage w i t h i n S t r a t u m E were not
c o n s i d e r e d in the se a n a l y s e s . The v a l u e s der ived f r o m the
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T a t t l e 4.-19

Laboratory P e r m e a b i l i t i e s f o r
S t r a t u m C

W e l lN u m b e :

M W - 7

M W - 1 3
M W - 1 4
K W - 1 6
M W - 1 7

S a m p l e D e p t hinterval P e r m e a b i l i t y

61-62
66-68
74-76
78-80
60-62
63-65
59-61
57-59

6.6 X 10~8

8 . 8 X 1 0 ' 8

5.8 X 10-8
2.9 X 10~8

8 . 1 X 1 C ' 1 0

8.4 X 10~10

1 , 0 X 1 0 ' 8

7.6 X 1C"7

CM

Oo
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T a b l e 4-20

H y d r a u l i c Conduc t iv i ty o f th e U p p e r
C o n f i n i n g C l a y ( S t r a t u m C )

W e l lN u m b e r
M W - 2 2

M W - 2 6

M K - 2 7

M W - 2 8

A n a l y s i sM e t h o d
Bureau of R e c l a m a t i o nH a n t u s h - J a c o bM o d i f i e d H a n t u s h
Bureau o f R e c l a m a t i o nH a n t u s h - J a c o bM o d i f i e d H a n t u s h
Bureau o f R e c l a m a t i o nH a n t u s h - J a c o bM o d i f i e d H a n t u s h
Bureau o f R e c l a m a t i o nH a n t u s h - J a c o bM o d i f i e d H a n t u s h

H y d r a u l i cC o n d u c t i v i t y ( c m / s e c )
1.4 x 10~5

1.2 X 10"4

4.0 x 10"4

4.0 x 10"5

1.2 x 1Q"4

2,0 x 1C"4

1.4 X 10"4

2.4 x 10~4

3.6 X 10"4

6.6 X 10"4

1.4 X 10"3

2.3 x 10"3
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M o d i f i e d H a n t u s h theory are consistent with those derived f r o m
the other two th eor i e s , but may s t i l l be a r t i f i c i a l l y h igh
because o f p o s s i b i l i t y o f recharge to S t r a t u m D f r o m be low
during the p u m p i n g test.

T h e H p d i f i e d H a n t u s h theory c a n a l s o b e a p p l i e d t o
s i t u a t i o n s in which recharge to the p u m p e d unit ( S t r a t u m D) i s
derived f r o m l eakage through and storage within the u n d e r l y i n g
c o n f i n i n g unit ( S t r a t u m E) a s w e l l a s t hrough th e o v e r l y i n g
c o n f i n i n g unit ( S t r a t u m C ) . H o w e v e r , i n such a s i t u a t i o n , t h e
method cannot be used to d i r e c t l y c a l c u l a t e the h y d r a u l i c
c o n d u c t i v i t y o f e i t h e r c o n f i n i n g l ayer . R a t h e r , t h e method
a l l o w s f o r c a l c u l a t i n g t h e s u m o f t h e l e akanc e s ( r a t i o o f
h y d r a u l i c c o n d u c t i v i t y to th i ckne s s o f a c o n f i n i n g u n i t ) o f the
t w o c o n f i n i n g s t r a t a . I n d i v i d u a l va lue s o f t h e H y d r a u l i c
c o n d u c t i v i t y o f the two c o n f i n i n g s t r a t a can on ly be e s t i m a t e d
by m a k i n g a s s u m p t i o n s r e g a r d i n g the ir p r o b a b l e r e l a t i v e
v a l u e s . I f i t i s as sumed that t h e t h i c k n e s s e s a n d h y d r a u l i c
c o n d u c t i v i t i e s of S t r a t a C and E are of the same order of
m a g n i t u d e ( a s s u m p t i o n s which a r e g e n e r a l l y c on s i s t en t w i th
o ther a v a i l a b l e d a t a o n the s e u n i t s , a l t h o u g h d a t a f r o m S t r a t u m
E are very l i m i t e d ) , then the r e s u l t i n g e s t i m a t e d v a l u e o f the
h y d r a u l i c c o n d u c t i v i t y o f S t r a t u m C w o u l d b e a p p r o x i m a t e l y th e
same as the va lu e s r e p o r t e d in T a b l e 4-20.

T h e Bureau o f R e c l a m a t i o n , H a n t u s h - J a c o b , a n d
M o d i f i e d H a n t u s h m e t h o d s o f p u m p i n g te s t a n a l y s i s a l l r e l y o n
curve m a t c h i n g t e chnique s f o r th e e s t i m a t i o n o f a q u i f e r
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parameter s . In some instances , it is d i f f i c u l t to match
observed f i e l d data to the theoret ical type curves, and the
r e s u l t i n g parameter es t imates must be used with caution.
H o w e v e r , when an a c c e p t a b l e match of the f i e l d d a t a to the type
curve can be made , th i s , technique can be very u s e f u l in
e s t i m a t i n g a q u i f e r parameters. I n genera l , p u m p i n g test da ta
are p r e f e r a b l e to other methods for e s t i m a t i n g a q u i f e r
p r o p e r t i e s because they are a p p l i c a b l e at the s ca l e of
g r o u n d w a t e r f l o w t h r o u g h th e a q u i f e r , rather than a t a s m a l l e r
s c a l e as in the case of s i n g l e - w e l l t e s t s or l a b o r a t o r y t e s t s .
H o w e v e r , p u m p i n g test d a t a must be c a r e f u l l y e v a l u a t e d on a
s i te s p e c i f i c basis.

T h e h y d r a u l i c c o n d u c t i v i t y c a l c u l a t e d f o r S t r a t u m C
u s i n g the l e a k y a q u i f e r a n a l y s i s a p p e a r s t o b e somewhat h i g h .
N u m e r o u s b o r i n g s have been advanced and l o g g e d t h r o u g h S t r a t u m
C. It was observed that th i s c lay is very t i g h t , d e n s e , and
p l a s t i c . A h y d r a u l i c c o n d u c t i v i t y of 7.8 x 10~4 cm/ s e c
c o r r e s p o n d s t o s i l t o r f i n e sand ( G r o u n d W a t e r M a n u a l , Bureau
o f R e c l a m a t i o n , 1 9 7 7 ) . T h i s wa s no t t h e nature o f t h e m a t e r i a l
observed in the f i e l d .

S a m p l e s were c o l l e c t e d f r o m S t r a t u m C and a n a l y z e d in
the l a bora t ory . L a b o r a t o r y p e r m e a b i l i t i e s ranged f r o m 7.6 x
10~7 to 8.4 x 10~10 c m / s e c . T h e s e va lu e s are much lower than
the va lue s c a l c u l a t e d f r o m the p u m p i n g t e s t s , and are g e n e r a l l y
cons i s t ent with values expec t ed f or massive clays (Ground W a t e r
M a n u a l , Bureau of Rec lamat i on , 1 9 7 7 ) . It should be no t ed ,

in
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however, that l a b o r a t o r y measurements t«st the h y d r a u l i c
conduc t iv i ty of only a point sampl e f r o m within the a q u i f e r ,
and cannot account for f i e l d - s c a l e phenomena, such as gross
a q u i f e r h e t e r o g e n e i t y , which m a y a f f e c t g roundwa t e r f l o w
t h r o u g h th e a q u i f e r and i t s , ; c o n f i n i n g beds. T h e s e phenomena
may e x p l a i n at l ea s t in p a r t , why p u m p i n g t e s t s f r e q u e n t l y
result in c a l c u l a t e d h y d r a u l i c c onduc t iv i t i e s that are several
orders of m a g n i t u d e greater then those c a l c u l a t e d using
l a b o r a t o r y d a t a .

In g e n e r a l , i t i s l i k e l y that the l a b o r a t o r y and
a q u i f e r t e s t e s t i m a t e s o f t h e h y d r a u l i c c o n d u c t i v i t y o f s t r a t u m
C p r o v i d e , r e s p e c t i v e l y , l ower and u p p e r bounds of the actual
h y d r a u l i c c o n d u c t i v i t y . T h e e f f e c t i v e h y d r a u l i c c o n d u c t i v i t y
of the c o n f i n i n g unit is l i k e l y to be h igh er than that
c a l c u l a t e d f r o m t h e l a b o r a t o r y t e s t s because o f f i e l d - s c a l e
p h e n o m e n a not accounted for in tho s e t e s t s , and it is l i k e l y to
be l ower than that c a l c u l a t e d f r o m the l e a k y a q u i f e r th eory
because o f t h e d i f f i c u l t i e s in d i s t i n g u i s h i n g th e e f f e c t s o f
l e a k a g e through both the o v e r l y i n g and u n d e r l y i n g c o n f i n i n g
u n i t s .

The h y d r a u l i c c o n d u c t i v i t y o f S t r a t u m C was used to
e s t i m a t e the t ime required for water to move through S t r a t u m
C. A cons ervat ive , or worst case, scenario for travel time
would u t i l i z e a h y d r a u l i c c o n d u c t i v i t y (K) o f 2 .2 x 10"4 cm/sec
( m e d i a n value f r o m p u m p test c a l c u l a t i o n s ) , a downward head
d i f f e r e n c e o f 1 . 5 f e e t (one o f t h e l a r g e s t downward g r a d i e n t s
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o b s e r v e d ) , and an e f f e c t i v e p o r o s i t y o f 0.25* U n d e r these
c o n d i t i o n s , the travel time through S t r a t u m c i s 329 d a y s (.9
y e a r s ) . H o w e v e r , a scenario which is p r o b a b l y more
r e p r e s e n t a t i v e of actual f i e l d c o n d i t i o n s u t i l i z e s a K = 7.4 x
10"6 c m / s e c ( m e d i a n K value f or S t r a t u m C), a downward head
d i f f e r e n c e o f 0 . 5 f e e t ( t h e average observed d i f f e r e n c e ) , a n d
an e f f e c t i v e p o r o s i t y o f 0.25. U n d e r these c o n d i t i o n s , th e
travel t ime is 81 years.

T h e m e d i a n H y d r a u l i c c o n d u c t i v i t y used i n t h e
r e p r e s e n t a t i v e travel time was c a l c u l a t e d u s ing the H y d r a u l i c
c o n d u c t i v i t i e s f r o m th e r e s u l t s f r o m th e p u m p i n g test d a t a and
t h e l a b o r a t o r y p e r m e a b i l i t i e s . T h e a n a l y t i c a l va lue s f r o m w e l l
M W - 2 8 were not used because the w e l l is in i m m e d i a t e p r o x i m i t y
( 6 . 4 f e e t ) o f t h e p u m p i n g w e l l , M W - 2 0 , T h e l a r g e ( 4 0 f e e t ) a n d
r a p i d drawdown in the p u m p i n g w e l l would have created head l o s s
not o n l y in th e p u m p i n g w e l l , bu t a l s o in M W - 2 8 . For t h i s
reason, the a n a l y t i c a l r e s u l t s f r o m M W - 2 8 were not used in
c a l c u l a t i n g t h e m e d i a n value .

U n d e r worst case c o n d i t i o n s , i t w o u l d take
a p p r o x i m a t e l y .9 years for water to travel across S t r a t u m C.
H o w e v e r , as d i s c u s s e d in S e c t i o n 4 . 5 . 2 . 3 and shown in T a b l e
4-17, the water l eve l e l e v a t i o n s f r o m moni t or w e l l s in the
p u m p i n g te s t area i n d i c a t e that t h e p r e d o m i n a n t d i r e c t i o n o f
H y d r a u l i c p o t e n t i a l i s u p w a r d , into t h e water t a b l e a q u i f e r .
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Only d u r i n g h i g h river s tage is the p o t e n t i a l downward. The
annual net f l o w d i r e c t i o n is upward into the water t a b l e
a q u i f e r .

S t r a t u m E is a very dense, blocky clay that is the
lowes t unit of interes t on s i te. O n e _ s a m p l e was c o l l e c t e d f r o m

K W - 1 3 at the 113 to 114 f o o t interval and was a n a l y z e d in the
l a b o r a t o r y . The labora tory p e r m e a b i l i t y was 4.5 x 10~1° cm/sec .
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5 . 0 S U R F A C E W A T E R I N V E S T I G A T I O N S
5 . 1 S u r f a c e W a t e r Bodie s

5 * 1 - 1 Brazos River - The Brazos River is the dominant
s u r f a c e water f e a t u r e in the area. The headwater s of the Brazos
River are in eastern New M e x i c o and the p a n h a n d l e of T e x a s . It
meander s southeas t and d i s c h a r g e s into the G u l f o f M e x i c o near
F r e e p o r t , T e x a s . The Brazos River i s a mature river with many
meander scars, as evidenced by the oxbow lakes along the river.

T h e U . s . G e o l o g i c a l S u r v e y ( U S G S ) o p e r a t e s t h e
H e m p s t e a d , T e x a s f l o w r e c o r d i n g s t a t i o n ( # 0 8 1 1 1 5 0 0 ) o n t h e
Brazo s River a p p r o x i m a t e l y 14 m i l e s downs tream of the S h e r i d a n
D i s p o s a l S e r v i c e s i t e . The d r a i n a g e area i s 4 3 , 8 8 0 square m i l e s
at th i s s t a t i o n / and has an average d i s charge of 6 , 6 2 7 cubic
f e e t p e r second ( c f s ) . T h e maximum d i s c h a r g e o n record i s
1 4 3 , 0 0 0 c f s on May 2, 1 9 5 7 ; the minimum d i s c h a r g e was 137 c f s or
N o v e m b e r 6 , 1 9 5 2 . T h i s s t a t i o n h a s o p e r a t e d since 1938 .

F i g u r e 5-1 is a summary of maximum, mean, and
average d i s c h a r g e ra t e s f o r t h e Brazos River a t t h i s s t a t i o n f o r
th e wat er year 1 9 8 2 , O c t o b e r , 1981 through S e p t e m b e r , 1982.
T h i s water year was chosen as t y p i c a l in terms of t ime and
d u r a t i o n of p e a k f l o w based on a c o m p a r i s o n to prev ious water
years . T h e f i g u r e shows s i g n i f i c a n t v a r i a t i o n s i n v o l u m e t r i c
f l o w rate s which are t y p i c a l o f the Brazos River. F i g u r e 5-2 i s
a h y d r o g r a p h f o r water year 1982. Peak d i s c h a r g e s d u r i n g t h i s
water year occur in the f a l l and l a t e s p r i n g / e a r l y summer.
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R E F E R E N C E S
C H A P T E R 5

H y d r a u l i c M a n u a l , T h e T e x a s H i g h w a y D e p a r t m e n t , B r i d g e
D i v i s i o n , 2nd e d i t i o n , 1970.

V i e s s m a n , e t al , I n t r o d u c t i o n to H y d r o l o g y , 2nd e d i t i o n , 1977.
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F i g u r e 5-1
Brazos River Discharge
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source U.S .OS V a t e r Resource s D a t a - T e x a s ,V2

A d d i t i o n a l a n a l y s i s , i f nece s sary, w i l l be i n c l u d e d in the
G r o u n d w a t e r M i g r a t i o n M a n a g e m e n t R e m e d i a l I n v e s t i g a t i o n r e p o r t .

T h e T e x a s W a t e r C o m m i s s i o n ( T W C ) h a s c l a s s i f i e d
t h i s segment o f the Brazos River (number 1 2 0 2 ) as e f f l u e n t
l i m i t e d based on u p s t r e a m d i s c h a r g e s and as b e i n g f i s h a b l e and
s w i m m a b l e . E f f l u e n t l i m i t e d s t r eam s e g m e n t s require p e r m i t s f o r
p o l l u t a n t d i s c h a r g e s . T i t l e 3 1 o f t h e S t a t e o f T e x a s N a t u r a l
Resource s and C o n s e r v a t i o n R e g u l a t i o n s l i m i t s t h e maximum
p o l l u t a n t l o a d i n g f o r t h i s water segment t o :

5 - 2
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• C h l o r i d e - 300 ppm
• S u l f a t e - 200 ppm
• TDS - 750 ppm
• D i s s o l v e d Oxygen - > 5.00 ppm
• F e c a l C o l i f o r m - 200 p e r / 1 0 0 ml
• T e m p e r a t u r e - < 95 eF
T h e T W C h a s c l a s s i f i e d t h e water q u a l i t y o f

t h i s river segment a s g e n e r a l l y g o o d , w i t h no s i g n i f i c a n t water
q u a l i t y p r o b l e m s . F e c a l c o l i f o r m i s t h e o n l y s i g n i f i c a n t
p a r a m e t e r o u t s i d e of the maximum l o a d i n g as shown in the general
water q u a l i t y p a r a m e t e r s l i s t e d i n T a b l e 5-1.

T a b l e 5-1
W a t e r Q u a l i t y I n f o r m a t i o n f o rSegment 1202 between 1979 and 1983

NL
Parameter Sa
Disso lved Oxygen ( m g / 1 )T e m p e r a t u r e ( * F)pH
C h l o r i d e ( m g / 1 )S u l f a t e ( m g / 1 )
T o t a l D i s s o l v e d S o l i d s( m g / 1 )
F e c a l C o l i f o r m s ( # / 1 0 0 m l )

imberofm p l e s
15
16
13
15
16
3.6
14

Minimum Maximum v*>an
4.3

43.2
7.0

33
17

182
60

13.589.1
9.1

302
220
853

8000

T o t a l d i s s o l v e d s o l i d s were e s t i m a t e d b y m u l t i p l y i n gc o n d u c t a n c e by .61.
Source: The S t a t e o f Texa s Water

5 -

Q u a l i t y

4
_ ore

Inventory, 1984
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8.8
70.3
8.0

147
91
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W a t e r uses inc lude contact and noncontact
recreation, p r o p a g a t i o n of f i s h and w i l d l i f e , i rr iga t i on , and
domes t i c raw water s u p p l y . The nearest downstream s u r f a c e water
permit for munic ipal dr inking water use on the Brazos River is
F r e e p o r t , T e x a s , located on the G u l f Coas t .

5.1.2 C l a r k _ Lake - The SDS site is located near a cut
bank on the Brazos River, over land water r u n o f f is away f r o m
the river in to C l a r k L a k e , which i s a series of three s h a l l o w
p o n d s f o r m e d by two man-made, earthen dams in a natural d r a i n a g e
channe l . The pond sys tem h o l d s a p p r o x i m a t e l y 60 a c r e - f e e t o f
water and is l o ca t ed south of the pond and the e v a p o r a t i o n
system at the .Sher idan site ( F i g u r e 5 - 3 ) . The lake system has a
t o ta l s u r f a c e area of a p p r o x i m a t e l y 4.8 acres, whi l e the central
s e c t i on wi th in the two dams has an area of 3.45 acres.

As d i s c u s s e d in S e c t i o n 5.3, C l a r k Lake
d i s c h a r g e s d u r i n g h i g h water s t ag e into a d r a i n a g e d i t c h tha t
f l o w s southwes t into Donahoe Creek. Donahoe Creek i s a s m a l l
i n t e r m i t t e n t creek l o ca t ed south o f t h e s i te ( F i g u r e 5 . 3 ) .
Donahoe Creek f l o w s west and d i s c h a r g e s into the Brazos River
a p p r o x i m a t e l y f i v e mi l e s downstream o f th e SDS site.

ON

5 - 2 S u r f a c e W a t e r I n v e s t i g a t i o n s
5.2.1 Brazos River - in J u n e of 1984, Resource

E n g i n e e r i n g I n c . obtained upstream and downstream sampl e s of the
Brazos River f o r G C / M S p r i o r i t y p o l l u t a n t a n a l y s i s ; t h e r e su l t s
are summarized in T a b l e 5-2. D e t a i l s are prov id ed in A p p e n d i x 5A,
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T a b l e 5-2
Priority Pollutant GC/MS Analy s i s

Brazos River Water

C o n c e n t r a t i o n p p _ b )

BMDL* ( < 1 0 )

N D * *

Compound s Detected ___
V o l a t i l e F r a c t i o n :

M e t h y l e n e C h l o r i d e N D
A c i d F r a c t i o n :

Pentano i c A c i d Ester 18
B a s e / N e u t r a l F r a c t i o n :

B i s ( 2 - E t h y l h e x y l ) p h t h a l a t e B M D L ( < 1 0 ) ' B M D L ( < 1 0 )

*BMDL - I d e n t i f i e d at concentrat ions below method d e t e c t i o n
l i m i t s .

* * N D - not d e t e c t e d .

The trace l e v e l s o f m e t h y l e n e c h l o r i d e and b i s
( 2 - e t h y l h e x y l ) p h t h a l a t e a r e l a b o r a t o r y c o n t a m i n a n t s a s
ev idenced by the p o s i t i v e l a b o r a t o r y b l a n k s for each compound in
the a n a l y t i c a l d a t a report . The la ck o f any downs tream p r i o r i t y
p o l l u t a n t c o n t a m i n a n t s is evidence that the Brazos River is not
i m p a c t e d by c o n t a m i n a n t s f r o m the s i t e .

5 - 6
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5.2 .2 C l a r k Lake - The ear l i e s t s u r f a c e water q u a l i t y
da ta a v a i l a b l e for C l a r k Lake resulted f r o m a T e x a s Department
of W a t e r Resources (TDWR) inves t igat ion. in response to a
c o m p l a i n t , the TDWR inspec ted a f i s h k i l l in C l a r k Lake in
M a r c h , 1978. TDWR inve s t iga t i on s ^^eriained that the probab l e
cause was anaerobic c o n d i t i o n s r e s u l t i n g f r o m an o v e r f l o w of
was t ewa t e r f r o m a damaged c e l l in the e v a p o r a t i o n sys t em.
I n i t i a l s a m p l i n g and ana ly s i s indi ca t ed 5,000 to 6,000 m g / 1 COD
and 2,000 to 2 ,500 m g / 1 TOC in C l a r k Lake. (

A c c o r d i n g to a TDWR a n a l y s i s , two weeks a f t e r v

the s p i l l had occurred, the lake waters had a d i s s o l v e d oxygen
content o f 0 .5 m g / 1 . In reviewing th e d a t a , TDWR per sonne l
c o n s i d e r e d the min imum level o f d i s s o l v e d oxygen necessary for
m a i n t a i n i n g a diverse ecosystem to be 2.0 mg/1 . By M a y , 1978
TDWR t e s t i n g i n d i c a t e d that the lake water COD had d r o p p e d to
1600 m g / 1 . Batch t e s t i n g with an act ivated s l u d g e "seed" and
a d e q u a t e aera t ion ind i ca t ed that the organic s were b i o d e g r a d a b l e
to b e l o w 500 m g / 1 COD w i t h i n 24 hours. A l t h o u g h the organi c s
were r a p i d l y b i o d e g r a d a b l e under l a b o r a t o r y c o n d i t i o n s , th e rate
of breakdown in the lake was a p p a r e n t l y slower. TDWR moni tor ing
i n d i c a t e d the lake system remained anaerobic through January
1979.

At the request of the TDWR, Resource
E n g i n e e r i n g conduc ted an aquat ic biota survey of the C l a r k Lake
sy s t em in S e p t e m b e r , 1984. The report "Aquat i c Survey o f C l a r k

5 - 7
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Lake at S h e r i d a n D i s p o s a l Service" was submi t t ed to EPA Region
VI in October, 1984. The s tudy showed that C l a r k Lake was
s u p p o r t i n g an active and diverse aquatic ecosystem and had
recovered f r o m ear l i er anaerobic c ond i t i on s . Measurement s of
d i s s o l v e d oxygen l eve l s indicated supersaturated ;,, condi^ip.n.s.,....: i j . . . T . . . . . . . . . . . . . . . . -
T h e s e h i g h l e v e l s were p r o b a b l y due t o a l g a e p h o t o s y n t h e s i s ,
GC/MS a n a l y s i s of a water sample indicated no d e t e c t a b l e l ev e l s
o f p r i o r i t y p o l l u t a n t s and revealed no s i g n i f i c a n t n o n p r i o r i t y
organi c s pre s en t ( A p p e n d i x 7 C ) .

S e d i m e n t s a m p l e s of C l a r k Lake were obtained in
December, 1985 in re sponse to an EPA request for a d d i t i o n a l s i t e
da ta . T h r e e s a m p l e s were obtained using a Peterson dredge on
December 19, 1985 ( F i g u r e 3 - 2 ) . The s a m p l e s were a n a l y z e d by
G C / M S technique s f o r p r i o r i t y p o l l u t a n t c ompound s i n c l u d i n g
p e s t i c i d e s and PCBs and s e l ec t ed d e g r a d a t i o n compounds of
s u b s t i t u t e d aromat i c s . The r e s u l t s are summarized in T a b l e 5-3.

M e t h y l e n e c h l o r i d e has not been de t e c t ed in
p r i o r G C / M S a n a l y s i s o f i m p o u n d m e n t wa s t ewa t er o r i n s i g n i f i c a n t
q u a n t i t i e s in the impoundment s l u d g e . The trace l e v e l s of
m e t h y l e n e c h l o r i d e are pre s ent as a l a b o r a t o r y c o n t a m i n a n t . The
l a b o r a t o r y a n a l y s i s b lank s a m p l e contained trace amounts o f
m e t h y l e n e c h l o r i d e and the sp ike recovery da ta was considered
i n v a l i d due t o h i g h i n i t i a l l e v e l s in the s p i k e d s a m p l e .
M e t h y l e n e ch l or id e is a common laboratory s o lvent; d e t e c t i on at
t h i s l eve l r e p r e s e n t s l abora tory backgrour.d, c o n s i d e r i n g the
Q A / Q C data.

CM
vDr̂ ioo
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Table 5-3
Prior i ty P o l l u t a n t G C / M S A n a l y s i s

Clark Lake S e d i m e n t s

C o m p o u n d s D e t e c t e d
V o l a t i l e F r a c t i o n :

M e t h y l e n e C h l o r i d e
A c i d F r a c t i o n :

Benzoic A c i d
B a s e / N e u t r a l F r a c t i o n :

Di-n-bu ty l p h t h a l a t e
P e s t i c i d e / P C B :

C o n c e n t r a t i o n ( u g / k g o r p p b w )
: ' : . ! . .^-"^i.^-JVUi.".,!.. , , . ! ! , . . . : . ^ , . ' , ' . ' j j , ; - , . - L!;;"..TB7?^r^iJ...Bm!inim!.,»..!—*...a...ia-.

S a m p l e L o c a t i o n :
LI L2 L3

20.6

890
N D

N D * *

BMDL* ( < 3 6 0 ) N D

N D
N D

N D

N D

N D
N D

O

O
O

*BMDL - T e n a t i v e l y i d e n t i f i e d a t c oncentra t ions be low method
d e t e c t i o n l i m i t s

* * N D - Not d e t e c t e d

5 - 9
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Benzol e acid is one of f o u r d e g r a d a t i o n
c ompound s o f s u b s t i t u t e d aromatic s i d e n t i f i e d in the pond
s l u d g e . Benzoi c acid t e n t a t i v e l y f o u n d be low d e t e c t i o n l i m i t s
in one s a m p l e o f the s ed iment f u r t h e r s u p p o r t s the h y p o t h e s i s
that C l a r k Lake h a s recovered f r o m p r i o r s p i l l c o n t a m i n a t i o n
t hrough b i o d e g r a d a t i o n o f organics .

Di-n-butyl p h t h a l a t e is pre s ent at l e s s than 1
ppm ( 8 9 0 p p b ) in the s a m p l e . T h i s compound i s used a s an insect
r e p e l l e n t and a l s o i s a common p l a s t i c i z e r c ompound . The Q A / Q C
d a t a for t h i s a n a l y s i s i n d i c a t e d a 177% recovery on a s p i k e d
s a m p l e which i s q u e s t i o n a b l y h igh . S i n c e t h i s compound has not
been d e t e c t e d in p r i o r organic a n a l y s i s o f the i m p o u n d m e n t
s l u d g e or w a s t e w a t e r s , i t s pre s ence as a contaminant f r o m pond
wat er s i s u n l i k e l y .

O v e r a l l , the sediment ana ly s i s ind i ca t ed that
C l a r k Lake has not been p e r m a n e n t l y i m p a c t e d by the p r i o r
w a s t e w a t e r s p i l l a n d f i s h k i l l , a n d that i n s i g n i f i c a n t l e v e l s o f
d e g r a d a t i o n p r o d u c t s remain in lake s e d i m e n t s .

5 * 3 S u r f a c e H y d r o l o g y
5.3.1 G e n e r a l S e t t i n g - The h i g h bank o f th e Brazos

River f o r m s the northern boundary of the S h e r i d a n p r o p e r t y at an
a p p r o x i m a t e e l e v a t i o n o f 172 MSL (mean s ea l e v e l ) as shown in
F i g u r e 5-3. The l a n d s u r f a c e s l o p e s south and s o u t h w e s t , away
f r o m the river at a rate ot a p p r o x i m a t e l y 8 f e e t per m i l e .

O
O
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Drainage f r o m the northern p o r t i o n s of the site
is p o o r l y d e v e l o p e d . As shown in F i g u r e 5-3, stormwater
g e n e r a l l y f l o w s south f r o m the d i s p o s a l site t o C l a r k e Bottom
Road; then it f l o w s west a l o n g Clarke Bottom Road to a main
d r a i n a g e d i t c h , which f l o w s south to Donahoe Creek. Donahoe
Creek f l o w s southwest and d i s charge s into the Brazos River
a p p r o x i m a t e l y one m i l e southwest o f the S h e r i d a n p r o p e r t y .
W i t h i n th i s d r a i n a g e p a t t e r n i s C l a r k Lake.

Much o f th e s tormwater r u n o f f f r o m the
u n c o n t a m i n a t e d area drains f r o m th e p r o p e r t y through C l a r k Lake
by sheet f l o w or via the d r a i n a g e d i t c h a l o n g the eastern s i t e
access road , and then south to Donahoe Creek. As of May of
1 9 8 7 , the pond impoundment and the e v a p o r a t i o n system had
a d e q u a t e f r e e b o a r d t o c o n t a i n th e p r e c i p i t a t i o n f r o m th e
24-hour, 100-year storm (11 .9 i n c h e s ) f a l l i n g w i t h i n these areas
whi ch c ou ld p o t e n t i a l l y become c o n t a m i n a t e d .

5 * 3 . 2 F l o o d p l a i n C o n d i t i o n s - N a t u r a l s i t e
e l e v a t i o n s , based upon U S G S t o p o g r a p h i c m a p s , vary f r o m
a p p r o x i m a t e l y 173 f e e t above MSL along the river to 165 f e e t
a l o n g C l a r k e Bot tom Road. The lowes t po in t on the top o f the
pond d i k e i s a p p r o x i m a t e l y 176.5 f e e t above MSL.

T h e C o r p s o f E n g i n e e r s d e v e l o p e d a n a n a l y s i s o f
the 100-year f l o o d e l eva t ion for the area as part of a s tudy for
the p r o p o s e d M i l l i c a n Lake p r o j e c t to be l o ca t ed on the N a v a s o t a
River. In this s t udy , f l o o d e l eva t i on s were e s tab l i sh ed by
computer m o d e l i n g of the entire Brazos River and its

O
O
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t r i b u t a r i e s , c a l c u l a t i n g backwater e l eva t i on s at various
cro s s- s e c t ions a l o n g the river for the 100-year f l o o d f l o w . One
of the cross-sections d e v e l o p e d in this s tudy intersect s the
eastern por t ion of the SDS site. A copy of thi s cross-section
e s t a b l i s h i n g a 100-year f l o o d p l a i n e l eva t ion of 175 f e e t above
MSL at the site, .is. .; .sQn.toine^ in A p p e n d i x SB* F i g u r e 5-4
i l l u s t r a t e s the f l o o d p l a i n based on these data.

The 1 7 5 - f o o t f l o o d p l a i n e l eva t i on was used in
a s s e s s i n g f l o o d p l a i n i m p a c t s upon th e s i te. Based upon these
d a t a , e x i s t i n g pond d ike s are a minimum of 1.5 f e e t above the
100-year f l o o d p l a i n e l e v a t i o n and should be adequat e to prevent
i n u n d a t i o n of the was t e s by a 100-year f l o o d event. T h e
r e m a i n d e r o f t h e s i t e , i n c l u d i n g t h e e v a p o r a t i o n sy s t em, would
be i n u n d a t e d by the 100-year f l o o d . During a m a j o r f l o o d event ,
t h e f l o w p a t t e r n s h o u l d f e l l o w t h e m a j o r d r a i n a g e p a t t e r n o f t h e
Brazos River , which is to the south.

One concern r e l a t i v e to f l o o d p r o t e c t i o n p r o v i d e d by
pond d i k e s i s t h e p o s s i b l e d i k e eros ion d u r i n g a m a j o r f l o o d .
As shown on the cro s s- s e c t ion in A p p e n d i x 5B, the river channel
i s over 50 f e e t d e e p , and would contain a m a j o r p o r t i o n of the
f l o o d f l o w . i n a d d i t i o n , t h e e x t r e m e l y broad f l o o d p l a i n w i d t h
at the s i t e l o c a t i o n , t o g e t h e r wi th a m i n i m a l water d e p t h above
the south bank of the Brazos would p r e c l u d e any h i g h water
v e l o c i t i e s w i t h i n th e overbank f l o w . The r e s u l t i n g "scour
veloc i ty" ac t ing on the pond dikes would be on the order of only
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t w o t o three f e e t p e r second ( A p p e n d i x 5 B ) . T h e s e v e l o c i t i e s
would n o t produc e s i g n i f i c a n t erosional e f f e c t s ( T h e T e x a s
H i g h w a y D e p a r t m e n t , 1 9 7 0 } .

Recorded observations by TDWR indicate t h a t , in 1 9 7 9 ,
when the Brazos o v e r f l o w e d its banks at the s i t e , there was no
pond d ike damage . T h i s s u p p o r t s t h e p r o j e c t e d n e g l i g i b l e impact
of d ik e eros ion due to f l o o d waters at the s i te .

5 .3 .3 S t o r m w a t e r R u n o f f - S t o r m w a t e r r u n o f f w a s
c a l c u l a t e d t o d e t ermine th e p eak f l o w and t o t a l r u n o f f volume
f r o m a 100-year, 24-hour storm of 11.9 inches. The r u n o f f
q u a n t i t i e s ob ta ined assume that the storm is l o c a l i z e d , since a
broad based 100-year storm would cause water to over t op the
Brazos River banks and , c o n s e q u e n t l y , to i n u n d a t e the en t i r e
s i t e as d e s c r i b e d p r e v i o u s l y .

T h e c a l c u l a t i o n s were p e r f o r m e d u s ing t h e S o i l
Conserva t i on Servi c e (SCS) T R - 5 5 chart me thod , and by computer
m o d e l i n g u s ing t h e S C S T R - 5 5 g r a p h i c a l method ( A p p e n d i x 5 C ) .
The areas and c a l c u l a t i o n p o i n t s used are shown on F i g u r e 5-5.
T h e r e s u l t s were a s f o l l o w s :

\Oro

oo

C a l c u l a t i o n_ P o i n t s
1
23
4

C o n t r i b u t i n gA r e a s
I & II
I , I I & VI I I
I I I & I V

Peak F l o w( C F S )1 0 0 - Y r , _ 2 4 - H r
97
92
73
63

T o t a lR u n o f f( A c r e - F t
30.5
33.552 7 . 5 4
30.79
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5.3.4 Q n - S i t e Stormyat er S t o r a g e - Two areas, the
evaparative system and the p o n d , wi l l store rainwater and wi l l
not contribute to stormwater r u n o f f . C a l c u l a t i o n s were
p e r f o r m e d to de t ermine : the average yearly water volume increase
or decrease in the pond and evapora t i on system areas ( A p p e n d i x
5 C ) . R a i n f a l l da ta w a s taken f r o m " S o i l Survey o f A u s t i n a n d
W a l l e r Count i e s" p u b l i s h e d by th e S o i l Conservat ion S e r v i c e and
e v a p o r a t i o n d a t a f r o m " M o n t h l y Reservoir E v a p o r a t i o n Rate s f o r
T e x a s 1940 T h r o u g h 1965" p u b l i s h e d b y t h e T e x a s W a t e r
D e v e l o p m e n t Board.

The net p r e c i p i t a t i o n onto these two areas was assumed
to equal the y e a r l y average p r e c i p i t a t i o n l e s s the y e a r l y
average e v a p o r a t i o n . In g e n e r a l , t h e e v a p o r a t i o n exceeded th e
r a i n f a l l so that there is net decrease in water vo lume.
H o w e v e r , in the pond area, due to an oil f i l m on the s u r f a c e of
the w a t e r , e v a p o r a t i o n rates were assumed at worst case to be
d e c r ea s ed b y f i f t y percent ( 5 0 % ) . T h i s y i e l d e d a n e t water
v o l u m e increase in the pond o f 6 .8 m i l l i o n g a l l o n s per year
( 9 1 0 , 0 0 0 cubic f e e t per y e a r ) . Based on this datum and the
aerial survey of the site ( F i g u r e 5 - 5 ) , the pond can be
expe c t ed t o store a l l p r e c i p i t a t i o n f a l l i n g wi thin the d ike s
f or a p p r o x i m a t e l y f o u r (4) years f r o m th e da t e o f t h e survey
( J u l y , 1 9 8 4 ) .

The data were then examined to determine a
"worst case" month ly net r a i n f a l l . As can be seen f r o m the
d a t a in A p p e n d i x 5C, the h ighe s t net r a i n f a l l of 0.83 inches
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t y p i c a l l y occurs in February. U s i n g the p r e v i o u s l y di s cus s ed
evapora t i on c o n s t r a i n t s , the r e su l t s were a net water volume
increase in the pond of 1 ,200,000 g a l l o n s ( 1 6 2 , 0 0 0 cubic f e e t )
and in the evaporat ion system of 890,000 g a l l o n s ( 1 1 9 , 0 0 0 cubic
f e e t ) . T h e s e e s t imate s w i l l be used in s i z ing stormwater
management f a c i l i t i e s during f e a s i b i l i t y s tudie s o f remedial
actions and also for evaluat ing the impacts of stormwater
r u n o f f in a no-action a l t e rna t iv e .

O
O

5 - 1 8
RESOURCE ENGINEERING



6 . 0 A I R I N V E S T I G A T I O N S
6.1 Summary - The f o l l o w i n g ambient air qual i ty

conc lu s ions at the S h e r i d a n Di spo sa l s i te are based on
i n d e p e n d e n t s a m p l i n g and a n a l y s i s by Resource Engine er ing and
t h e E P A ' s Emergency R e s p o n s e T e a m i n M a r c h , 1986:

The site has no d e t e c t a b l e v o l a t i l e emissions
o f p o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) , based o n
d e t e c t i o n l i m i t s o f 0.003 m g / m 3 a t average
a n n u a l , ambient weather c o n d i t i o n s .
The s i te has no d e t e c t a b l e emi s s i on s of
v o l a t i l e RCRA H a z a r d o u s Sub s tanc e Lis t organic
c o m p o u n d s above background l e v e l s or l i s t e d
RCRA h a z a r d o u s substances d u r i n g average
annual ambient weather c o n d i t i o n s .

o

Oo

6.2 I n t r o d u c t i o n - The purpose of C h a p t e r 6 is to
e v a l u a t e pr e s en t a ir q u a l i t y i m p a c t s based on emis s ions f r o m
t h e s i t e . T h e f e a s b i l i t y s t u d y w i l l a d d r e s s t h e i m p a c t s o f
d i s t u r b i n g t h e s l u d g e d u r i n g r e spon s e ac t i ons . T h e most
c omprehen s iv e air survey of the s i te was conduc t ed on M a r c h 4
and 5, 1986 by the EPA's Emergency Response T e a m and Resource
E n g i n e e r i n g . The Emergency Respons e T e a m c o l l e c t e d 88 a ir
s a m p l e s at 20 l o c a t i o n s . The s a m p l e s were c o l l e c t e d u s ing 200
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mg T e n a x tubes for low-leve l organi c s ; 150 ag carbon tubes for
h igh- l ev e l organic s; and 150 ag F l u o r o s i l tubes for
p o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) a n a l y s i s .

Resource E n g i n e e r i n g c o l l e c t e d 24 s a m p l e s f r o m 14
l o c a t i o n s . The Resource E n g i n e e r i n g s a m p l e s were c o l l o c a t e d
w i t h EPA s a m p l e l o c a t i o n s where p o s s i b l e t o i n d e p e n d e n t l y
v e r i f y r e s u l t s . A n o t h e r o b j e c t i v e o f t h e Resource E n g i n e e r i n g
s a m p l i n g was to d e t e r m i n e the average o f f - s i t e i m p a c t s a t the
p r o p e r t y b oundar i e s and i n c o r p o r a t e t h i s i n f o r m a t i o n into the
r i sk asses sment for the s i t e . Background ambient a ir q u a l i t y
i s r e p r e s e n t e d by upwind s a m p l e r e s u l t s f or each i n d i v i d u a l
s a m p l i n g event.

I n J u l y , 1985 a n E P A F i e l d I n v e s t i g a t i v e T e a m
c o n d u c t e d an a ir m o n i t o r i n g survey o f the s i te. Two HNu P I - 1 0 1
p h o t o i o n i z a t i o n d e t e c t o r s were used to screen for t o t a l
h y d r o c a r b o n l e v e l s . The r e s u l t s were negat ive w i th no
hydrocarbons de t e c t ed above background l ev e l s of 0.2 ppm
( A p p e n d i x 6 A ) . T h e s e r e s u l t s a r e cons i s t en t wi th r e s u l t s o f

HNu surveys c onduc t ed by Resource E n g i n e e r i n g in 1985 and e a r l y
1986.

The f i r s t a ir i n v e s t i g a t i o n s o f the s i t e were conduc t ed in
J u l y , 1983 b y a n E P A F i e l d I n v e s t i g a t i v e T e a m . During t h e s i t e
i n v e s t i g a t i o n of J u l y 12, 19, and 20, 1 9 8 3 , a series of 18
ambient a ir s a m p l e s were c o l l e c t e d u s ing T e n a x a b s o r p t i o n
tubes. A n a l y s i s o f the s a m p l e s t hrough thermal d e s o r p t i o n and
G a s C h r o m a t o g r a p h i c / M a s s S p e c t r o m e t r y ( G C / M S ) techniques

Oo
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i n d i c a t e d to ta l l e v e l s of v o l a t i l e organice ranged f r o m 8 to
427 p p m . T h i s da ta has been i n v a l i d a t e d by the EPA due to
p o s i t i v e f i e l d b lanks and the la ck of a true background upwind
s a m p l e . Due to the absence of a c c e p t a b l e d a t a , the EPA scored
the air route zero in the H a z a r d o u s W a s t e S i t e H a n k i n g p a c k a g e
f o r t h e S h e r i d a n D i s p o s a l S e r v i c e s s i te.

A d d i t i o n a l l y , t h e v o l a t i l e organic concentra t i on
va lu e s r epor t ed in the J u l y 1983 s a m p l i n g exceeded the
a b s o r p t i v e c a p a c i t y of s t a n d a r d 200 mg T e n a x tubes at the
v o l u m e t r i c f l o w rates a n d d u r a t i o n s s a m p l e d .

6.3 S a m p l i n g Proc edure s and C o n d i t i o n s - The March 4 and
5, 1986 Resource E n g i n e e r i n g s a m p l e s were ob ta ined u s ing DuPont
ALPHA 1 air s a m p l i n g pumps . The pumps were pre- and
p o s t - c a l i b r a t e d on-si te f o r each s a m p l i n g run. T e n a x s a m p l e
tubes in the pond area were f o l l o w e d by carbon tubes as
p r o t e c t i o n a g a i n s t b r e a k t h r o u g h due t o ov e r sa tura t i on o f
o r g a n i c s . S a m p l e s a t each l o c a t i o n were c o l l e c t e d in d u p l i c a t e
at vo lume tr i c f l o w rates of 50 cc per minute and 200 cc per
minute f o r a 1-hour p e r i o d . A c o m p l e t e d e s c r i p t i o n o f s a m p l i n g
p r o c e d u r e s i n c l u d i n g s c h e m a t i c s o f s a m p l i n g e q u i p m e n t i s
i n c l u d e d i n A p p e n d i x 6 B .

The M a r c h 4 and 5, 1 9 8 6 , EPA s a m p l i n g p e r i o d s were 40
minutes for the T e n a x tubes and 360 minutes for the carbon and
F l u o r o s i l tubes . S a m p l i n g v o l u m e t r i c f l o w rates were 5 0
c c / m i n u t e for the T e n a x s a m p l e s and 500 cc per minutes for the
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carbon and F l u o r o s i l tubes. A d d i t i o n a l a v a i l a b l e i n f o r m a t i o n
on ETA s a m p l i n g procedures i s contained in A p p e n d i x 6C.

On March 4, 1986, the EPA Emergency Response T e a m
conducted two s a m p l i n g runs at 13:15 and 16:15 hours. W e a t h e r
c o n d i t i o n s cons i s t ed o f t emperature s ranging f r o m 5 8 t o 7 6 ' F ,
and winds of 10 to 15 mph with gus t s of 20 mph f r o m the
north-northwes t to west. Resource Engineer ing l a b o r a t o r y
a n a l y s i s was l i m i t e d to the second set of s a m p l e s , since the
h i g h e r ambient t empera tur e s r epre s ented worst case emis s ions
for the day . F i g u r e 6-1 shows the l o c a t i o n s o f s a m p l i n g
s t a t i o n s f o r t h e 16:15 s a m p l i n g event.

U p w i n d ( b a c k g r o u n d ) s a m p l e l o c a t i o n s f o r t h e M a r c h 4 ,
1986 s a m p l i n g event were REI U W B 1 , U W B 2 , and EPA S t a t i o n #1
which were l o c a t e d northwes t of the pond f r o m 100 to 350 f e e t
f r o m the Brazos River. EPA s t a t i o n #3 was l o c a t e d next to a
s p i l l area c l o s e to the e x i s t i n g s t o r a g e / s e p a r a t i o n tanks in
the n o r t h e a s t s e c t i o n of the pond berm. EPA s t a t i o n s #4 and #5
were l o c a t e d w i t h i n 1 0 f e e t o f t h e p o n d ' s eastern shor e l ine .
EPA s t a t i o n #6 was l o c a t e d on the southern end of the pond l e s s
t h a n s i x inches above s u r f a c e f l o a t i n g o i l . The s a m p l e a t t h i s
l o c a t i o n was a 6-hour F l u o r o s i l and carbon tube p a i r . REI
s a m p l e s D W B 3 and DWB4 were c o l o c a t e d wi th EPA s a m p l e s t a t i o n s
#6A and #7, r e s p e c t i v e l y . EPA s t a t i o n |8 was l o c a t e d 12 f e e t
f r o m the pond in the m i d d l e o f the southern shor e l in e . REI
s a m p l e s t a t i o n DWB5 was l o c a t e d downwind at the s ou thern
p r o p e r t y boundary near moni t or ing we l l #12.

Oo
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E X T E R I O R D I K E

F I G U R E 6 -
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F i g u r e 6-2 shows the l o c a t i o n of s a m p l e s t a t i o n s
d u r i n g the M a r c h 5 , 1986 15:15 s a m p l e series. The upwind
( b a c k g r o u n d ) s a m p l e s t a t i o n s are REI U W # 1 and U W # 2 which were
c o l l o c a t e d wi th EPA s t a t i o n s #11 and #10, r e s p e c t i v e l y . REI
s a m p l e s t a t i o n DW4 was c o l l o c a t e d wi th EPA s ta t i on ISA in th e
nor th ea s t corner of the pond w i t h i n 1C yards of the pond
s h o r e l i n e . REI s a m p l e s t a t i o n DW5 was c o l l o c a t e d wi th EPA
s t a t i o n 16 in the northwes t s ec t ion of the pond s h o r e l i n e . REI
s a m p l e s t a t i o n DW2 was l o c a t e d downwind at the p r o p e r t y
boundary on the bank of the Brazos River.

The weather c o n d i t i o n s f or March 5 , 1986 were
t emperature s in the 63° to 77° range w j . t h winds of 5 to 15 mph
f r o m the s ou th- sou thwe s t and g u s t s up to 20 mph.

6 - 4 R e s u l t s - One i m p o r t a n t d i s t i n c t i o n between ambient
a ir s a m p l i n g and so i l s a m p l i n g i s th e d e f i n i t i o n o f background
c o n c e n t r a t i o n l e v e l s . W i t h o u t an ex t ens ive da ta-ba s e
b a c k g r o u n d i s d e f i n e d by u p w i n d s a m p l e c o n c e n t r a t i o n s f o r t h e
p a r t i c u l a r s a m p l i n g event. A i r q u a l i t y measurement s taken
w i t h o u t u p w i n d s a m p l e s f or c o m p a r i s o n cannot b e e v a l u a t e d s ince
background cannot b e d e f i n e d . T h i s i s e s p e c i a l l y s i g n i f i c a n t
for the S h e r i d a n s i t e , since al l ambient air measurements are
in the 1 to 10 ppb r a n g e , the l i m i t o f d e t e c t i o n for GC/MS
a n a l y s i s . Oil and gas produc t ion and d r i l l i n g a c t iv i t i e s can
s i g n i f i c a n t l y impac t l ow ppb l e v e l s o f benzene, t o lu ene and
x y l e n e , s p e c i f i c a l l y . A s d i s c u s s e d p r e v i o u s l y , background
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concen tra t i on l e v e l s are d e f i n e d by the f o l l o w i n g upwind
s a m p l e s :

March 4, 1986 S a m p l i n g Event:
REI - S a m p l e # U W B 1 , U W B 2
EPA - S a m p l e S t a t i o n #1 ,

M a r c h 5 , 1986 S a m p l i n g Event:
REI - S a m p l e s # U W # 1 , U W # 2
EPA - S a m p l e S t a t i o n s #10, 11

A n a l y t i c a l r e su l t s are contained in T a b l e s 6-1 and
6-2 for both Resource Engineer ing and EPA s a m p l e s . R e s u l t s
o f E P A a n a l y s i s f o r both days i n d i c a t e d n o d e t e c t a b l e l e v e l s o f
p o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) in any o f t h e F l u o r o s i l
s a m p l e s . The d e t e c t i on l imi t for PCBs in air was 0.003 m g / m 3 .
A l s o , no d e t e c t a b l e l e v e l s o f organi c vapor s were f o u n d in the
carbon tube s a m p l e s , e x c ep t for a background s a m p l e at an
upwind s ta t i on ( # 1 0 ) . T h e de t e c t i on l i m i t s f o r organics u s ing
carbon a d s o r p t i o n a n a l y s i s varied f r o m 0.008 u g / m 3 t o 0 ,02
u g / m 3 which c o r r e s p o n d s to 7 p p b w t o 169 p p b w ( T a b l e 4 ,
A p p e n d i x 6 - C ) , C o n s i d e r i n g several carbon tubes were l o ca t ed
only inches above the pond s u r f a c e , the r e s u l t s c o n c l u s i v e l y
i n d i c a t e that no RCRA hazardou s subs tance l i s t c o m p o u n d s were
e m i t t e d f r o m t h e p o n d .
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No RCRA H a z a r d o u s S u b s t a n c e L i s t c ompounds were
d e t e c t e d at q u a n t i f i a b l e l e v e l s for any of the Resource
E n g i n e e r i n g s a m p l e s except for acetone in one upwind background
s a m p l e ( U W 2 ) ( T a b l e 6 - 1 ) . i n g e n e r a l , t h e r e su l t s i n d i c a t e
ambient air q u a l i t y of the s i t e is b e t t e r than ambient air
q u a l i t y o f the urban H o u s t o n area.

T o eva lua t e t h e p o s i b i l i t y o f i n t r o d u c i n g l a b o r a t o r y
c o n t a m i n a n t s , f i r s t a n a n a l y s i s o f f i e l d a n d l a b o r a t o r y method
b l a n k s must be done. The REI labora tory method b lank was
a n a l y z e d t o have p o s i t i v e r e s u l t s f o r c h l o r o r a e t h a n e , a c e t one ,
2-bu tanone , c i s - 1 , 3 - d i c h l o r o p r o p e n e , and t o l u e n e . T r a c e
amounts o f t h e s e c o m p o u n d s in other s a m p l e s r epre s ent
l a b o r a t o r y c o n t a m i n a t i o n or T e n a x adsorbent d e g r a d a t i o n
p r o d u c t s . T h e f i e l d b l a n k contained trace l e v e l s o f
c h l o r o m e t h a n e a n d 2-butanone. T h e m a j o r i t y o f these c o m p o u n d s
were a l s o f o u n d in the t r i p b l a n k s . The o n l y compound f o u n d in
trace amounts in REI da ta not accountable by f i e l d or method
b l a n k s was b enzene in s a m p l e s DWB3 and D W B 4 . T h e s e trace
l e v e l s are w e l l under ambient c onc en tra t i on s o f benzene f o u n d
n a t u r a l l y and c o m p a r a b l e t o EPA r e s u l t s f or the Mavch 4 , 1986
s i t e b a c k g r o u n d l ev e l o f benzene ( 1 , 6 p p b ) ,

As T a b l e s 6-2 and 6-3 i n d i c a t e , the r e s u l t s o f EPA
s a m p l i n g for M a r c h 4 and 5 were that no hazardou s s ub s tanc e
l i s t v o l a t i l e c o m p o u n d s were f o u n d above s i t e background
c o n c e n t r a t i o n l e v e l s . E P A s a m p l e r e s u l t s d i d i n d i c a t e trace
q u a n t i t i e s o f various RCRA H a z a r d o u s S u b s t a n c e L i s t c o m p o u n d s .
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However , trace Below Method Detec t ion L i m i t s (BMDL) re su l t s are
not r e p o r t a b l e quan t i t i e s . T r a c e r e su l t s are l e s s than s i te
background and are f r o m f o u r to seven orders of magni tude l e s s
than T L V - T W A h e a l t h impact values.

The r e su l t s o f the EPA March 4, 1986 s a m p l i n g ( T a b l e
6-2) indicate all of the reported to luene values are within
1 ppb of background; all of the r epor t ed benzene values are
w i t h i n 2.5 ppb of background and al l o f the r epor t ed xy l ene
v a l u e s are l e s s than background wi th the e x c e p t i o n of s a m p l e 6A
which was 0.6 ppb above background. The EPA a n a l y t i c a l report
s t a t e d the aromat i c s tandard recovery at thi s low concen tra t i on
l eve l of a n a l y s i s was u n a c c e p t a b l e and varied f r o m -9% to 40%
for benzene and -60% to 78% for e t h y l b e n z e n e ( A p p e n d i x 6C) .
The r e s u l t s o f these a n a l y s e s are a l l w i th in a n a l y t i c a l error
l i m i t s o f background.

The r e s u l t s of the EPA March 5, 1986 s a m p l i n g
i n d i c a t e benzene, t o l u e n e and xy l ene are l e s s than background
c o n c e n t r a t i o n s i n a l l s a m p l e s ( T a b l e 6 - 3 ) . P o s i t i v e r e s u l t s
for m e t h y l e n e c h l o r i d e in s a m p l e s 125 and 145 repre s ent
l a b o r a t o r y c o n t a m i n a t i o n , since t h e c o r r e s p o n d i n g d u p l i c a t e
tube s f o u n d on ly BMDL l e v e l s . M e t h y l e n e c h l o r i d e wa s a l s o
f o u n d in the f i e l d and t r i p b lank s .
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T a b l e Gr-1
Air Jfcn i tnr ing Results

(RET Data 3/4 and 3/5 1986)

Sample concentration ppb
Hazardous SubstanceList V o l a t i l e Compound
Field ID (4909)lab ID
ChloromethaneBromojtethaneVinyl ChlorideChloroethaneMethylene ChlorideAcetoneCarbon Di su l f i d e1, 1-DichloroetheneIt 1-DichloroethaneTrans-1 , 2-Dichloroethene0 ChloroformJJl,2-Dich loroe thane^2-ButanoneS 1 , 1 , 1-tricdU.oroethaneScarbon Tetrachloridei^vinyl Acetate

J f e t h o dBlank
-

33885
EMDL;?D

ND
ND
ND

EMDL
ND
ND
ND
ND
ND
ND
ND
ND
ND

F i e l dBlank( 3 / 4 / 8 6 )
1934067

HOL
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

EMDL
ND
ND
ND

UWB2
( B K . )
23

34048
EMDL

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

EMDL
ND
ND
ND

DWB3

27
34058
EMDL

ND
ND
ND

H4DL
ND
ND
ND
ND
ND
ND
ND

EMDL
ND
NDa®L

Volumetric Basis
DWB4

24
34049
a®L

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DWB5

29
34053
EMDL

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

EMDLND
ND
ND

F;eldBlank( 3 / 5 / 8 6 )
40

34069
EMDL

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

EMDL
ND
ND
ND

UW2
( B K . )

33
490933

ND
ND
ND

EMDL
EMDL2.7

ND
NDND
ND
NDND -ND
ND
ND
ND :

EW3

31
34055
WDL

ND
ND
ND
ND
ND
NDNDND
ND
ND
NDEMDLND
NDND

DW4

39
34064
EMDL

NDND
ND
ND
NDNDNDND
ND
ND
NDMDLND
ND
ND
*B»̂

DW5

36
34067
EMDLNDNDNDND

ND
NDNDND
ND
NDNDH4DL
ND
ND
ND
*«*̂

?£ 1,2-DichloropropaneCj1£ns-l , 3-Dichloropropene^TrichloroetheneJjDibromochloroniethaneL , 2~Trichloroethane

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
NDND
ND

NDND
NDND
ND
ND

ND
ND
ND
ND
ND
ND

NDND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

- Tenta t ive ly i d e n t i f i e d at levels below method detection limitsN/D - Not detectedBK - Blank

NDND
NDNDNDND

0 0 3 6 5 0



T S b l e j S - 1 (Continued)
Air Mni taring Results

(REI Data 3/4 and 3/5 1986)

S a n p l e Concentration ppb
Hazardous SubstanceList V o l a t i l e Compound
Fie ld ID ( 4 9 0 9 )Lab ID
BenzeneC I S - 1 , 3-Dichloropropene2-Chloroethyl Vinyl EtherBrcanofonn2-Hexanone4HWsthyl-2-PantanoneTetrachloroethene1, 1, 2 , 2-TetrachloroethaneTtolueneChlorobenzeneaEthyl BenzeneJ j s t y r e n e3M-Xylenes5o&P-Xylenes

MethodBlank
-

33885
ND

BMDL
ND
ND
ND
ND
ND
ND

B t f J L
ND
ND
ND
ND
ND

F i e l dBlank
( 3 / 4 / 8 6 )

19
34067

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

UWB2C B K . )
23

34048
EMDL

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DWB3

27
34058
EMDL

ND
ND
ND
ND
ND
ND
ND

EMDL
ND
ND
ND
ND
ND

Volumetric Basis
EJWB4

24
34049
»!DL
MDL

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DWB5

29
34053

ND
EMDL

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

F i e l dBlank
( 3 / 5 / 8 6 )40
34069

ND
NDND
ND
ND
ND
ND
ND
ND
ND
ND
NDND
ND

UW2
( H K . )
33

490933
EMDL
H1DLND

ND
NDEWDL
NDND

WDL
ND
NDND

31DLaroL

DW3

3134055
EMDL
M3LND

ND
ND
NDNDNDWDL
NDND
NDND
ND

DW4

39
34064
EMDL
aiDLNDND

ND
NDNDND

O4DL
ND
ND
NDND
ND

DW5

36
34067

ND
NDND
NDND
ND
ND
ND
ND
ND
NDND
ND
ND

S g N / D - Tentat ive ly id en t i f i ed at levels below method detection limits- Not Detected- Blank
^PI=s

0 0 3 6 5 1



T t e b T e fr-2
Sheridan Disposal ServiceAir Monitoring Results

(EFA Data 3/4 1986)

S a m p l e Concentration p p t o Volumetric BasisOcnpoundS a n p l e Sta t i on 1lab Reference #

Vinyl Chloride1 , 1-DichloroetheneMethylene ChlorideTrans-1, 2-Dichloroethene1,1, -Dichloroethane1,1, 1-Trichloroethane1,2 DichloroethaneBenzeneCarbon TetrachlorideTrichloroetheneTolueneOTetrachloroetheneJ j E t h y l BenzeneSxyiene
••5•>

F i e l d Blank
24301

ND
EMDL

0.6
ND
ND
ND
ND

1.3
ND
ND

2.2
ND
aiDL

1.3

T r i p Blank
24264

ND
ND
B1DLND
ND
ND
ND

1.4NDND
1.3

ND
EKDL
mDL

1 ( H K . )
24284

ND
EMDLaiDLJ T )

ND
1.2

ND
1.6

EMDL
ND

2.9
ND
EMDL

1.1

3
24272

ND
ND
ND
ND
ND
EMDL

ND
1.7

IMDL
ND

1.8
ND

0.6
1.1

4
24273

ND
ND
B1DL
ND
ND

1.2
ND

1.9
EMDL
ND

3.4
ND
BMDL

1.2

6
24274

ND
ND

I ND
: ND
: ND; 7,7

ND
2,3

ND
EMDL

i 3.21 EMDLHOL
1.3

|

6A
24280

ND
BMDL
EKDL
NDND

2.8
ND3.7
EMDLND

3.9EMDL
0.5
1.9

8
24281

ND
EMDL
M>ND
NDEMDL
ND

1.8EMI7L
ND

1.4ND
EMDL

0.6

- Tentat ive ly I d e n t i f i e d At Levels Below Detection Limits- Not Detected- Blank

0 0 3 6 5 2



T^ble 6-3
Sheridan Disposal ServiceAir Stoiitaring Results

(EPA Data 3/5 1986)

S a i r p l e Concentration ppb Volumetric Basis
BackgroundOcnpoundSample Stat ion #lab Reference #

Vinyl Chloride1, 1-DichloroetheneHetnylene ChlorideTrans-1 , 2 , -Dichloroethene1, 1-Dichloroethane1 , 1 , 1-Trichloroethane1,2 DichloroethaneBenzeneCarbon Tetrachloridef cTVich loro e th ene|J ToluenejTetrachlorcetheneSEthylbenzene!*xyiene

F i e l dBlank24301

ND
PMDL

0.6
ND
ND
ND
ND

1.3
ND
ND

2.2
ND
EMDL1.3

T r i p
Blank
24264

ND
ND
EMDL
NDND
NDND

1.4
ND
ND

1.3
ND
EMDLEMDL

UpwindK Tube
24297

ND
ND
EMDL
NDND
BMDLND

4.0
ND
ND

4.6
ND
EMDL

3.8

UpwindSupe l co
24299

EMDL
BMDL
B1DL
BMDL
EMDL
EMDL
ND

2.5
ND
ND

2.0
ND
EMDL

2.2

12K
24286

ND
ND
EMDL
ND
NDEHDL
ND

1.9
ND
ND

1.6
ND

0.8
1.3

12S
24285

ND
ND

5.8
NDNDEMDL
ND

1.4
ND
ND

0.8
H4DL

0.5
0.9

13K
24289

ND
ND
NDND
ND
ND
ND

1.8
ND
ND

1.4
ND
EMDL0.5

14K
24291

ND
ND
EMDL
NDND
EKDLND

1.2EMDLND
3.6

ND
0.8
1.0

14S24290

ND
EMDL

8.7
NDND
EMDLND1.2ND
ND

0*8
NDEWDL

0.8

15AK24293

NDND
EMDLNDND
EMDLND2.1
NDND

1.6ND
aiDL

0.9

16K
29294

ND
ND
ND
NDND
EMDLND

1.1NDND
1.0

ND
EKDL1.1

C N / D - Tentat ive ly i d e n t i f i e d at levels below detection limits- Not Detected- Blank

0 0 3 6 5 3



As T a b l e s 6-1 and 6-2 and 6-3 i n d i c a t e , the ambient
air q u a l i t y r e s u l t s were v i r t u a l l y the same for both days
d e s p i t e a 180* change in wind d i r e c t i on . No EPA H a z a r d o u s
S u b s t a n c e Lis t compounds were d e t e c t ed abcve background l e v e l s
by e i th er REJ or EPA a n a l y s i s .

T a b l e 6-4 _ is a .comparison of H o u s t o n urban area mean
background a n d Q S H A T h r e s h o l d Limi t V a l u e s ( T L V ) f o r t h e R C R A
H a z a r d o u s S u b s t a n c e Li s t c ompounds . A l t h o u g h the SDS s i t e i s a
rural area and H o u s t o n is an urban area, the H o u s t o n d a t a is
the o n l y a v a i l a b l e r eg ional d a t a which i s a s t a t i s t i c a l
r e p r e s e n t a t i o n of background gathered f r o m s a m p l i n g over a
m u l t i - y e a r p e r i o d . H o u s t o n r e s i d e n t s are exposed to ambient
air which has t o x i c air p o l l u t a n t s at c oncentra t i on l e v e l s at
l e a s t twice the l e v e l s a t the S h e r i d a n s i te.

T h e f i e l d s a m p l i n g p r o g r a m w a s conduc t ed dur ing a
p e r i o d when d a i l y t e m p e r a t u r e s ranged f r o m 6 3 ° t o 7 7 ° F .
A l t h o u g h the s e t e m p e r a t u r e s are r e p r e s e n t a t i v e o f mean annual
c o n d i t i o n s , max imum emi s s i on rates would occur d u r i n g summer
month s when d a i l y t e m p e r a t u r e s are h igher . The emis s ion rates
o f o rgani c c o m p o u n d s ar e l i n e a r l y r e l a t e d t o t h e c o m p o u n d ' s
vapor p r e s s u r e , which increases wi th in cr ea s ing t e m p e r a t u r e .
The increase in emi s s i on rates due to summer t e m p e r a t u r e s are
t h e r e f o r e p r o p o r t i o n a l l y r e l a t e d to the increase in vapor
pre s sure o f the s p e c i f i c organic compounds . T a b l e 6-5 shows
t h e increase i n vapor pre s sure f r o m 7 0 ° t o 9 0 ° F f o r t h e m a j o r
v o l a t i l e organic compounds f o u n d in the s l u d g e .

6 - 1 5
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T a b l e 6-4
H o u s t o n Area Background Levels and TLV V a l u e sConcentrations in ppb Volume tr i c Basis

H a z a r d o u sS u b s t a n c e L i s tV o l a t i l e C o m p o u n d
Chlorome thar . eBromomethaneV i n y l C h l o r i d eC h l o r o e t h a n eK e t h y l e n e C h l o r i d eA c e t o n eCarbon D i s u l f i d e1 , 1 - D i c h l o r o e t h e n e1 . 1 - D i c h l o r o e t h a n eT r a n s - 1 , 2 - D i c h l o r o e t h e n eC h l o r o f o r m1 . 2 - D i c h l o r o e t h a n e2-Butanone1 , 1 , 1 - t r i c h l o r o e t h a n eCarbon T e t r a c h l o r i d eV i n y l A c e t a t eB r o i r o d i c h l o r o m e t h a n e1 , 2 - D i c h l o r o p r o p a n eT a n s - 1 , 3 - D i c h l o r o p r o p e n eT r i c h l o r o e t h e n eD i b r o m o c h l o r o m e t h a n e1 , 1 , 2 - T r i c h l o r o e t h a n eBenzene

C I S - 1 , 3 - D i c h l o r o p r o p e n e2 - C h l o r o e t h y l V i n y l E t h e rB r o m o f o r m2 - H e x a n o n e4 - M e t h y l - 2 - P e n t a n o n eT e t r a c h l o r o e t h e n e1 , 1 , 2 , 2 - T e t r a c h l o r o e t h a n eT o l u e n eC h l o r o b e n z e n eE t h y l b e n z e n eS t y r e n eM - X y l e n e sO & P - X y l e n e s
N / A

1
N o t a v a i l a b l eN o s t a n d a r dsatssss

H o u s t o n AreaMean Background 1

( 5 / 1 4 - 5 / 2 5 1 9 8 0 )
1.00.15
0.2N AN A

N A
0.03
0.06NA
0.41.5

N A
0.4
0.4NA

N A
0.08N A
0.1

N A
0.035.8N A

NA
0.01

NA
NA

0.4
0.01

10.3N A
1.4

N A
3.8
1.3

O S H A
T L V - T W A

: 5 0 , 0 0 0
5,000
5,000

* 000,000
100,000
7 5 0 , 0 0 0

10,000
5 , 0 0 0

200 ,000
200 ,000

10,000
10,000

200
3 5 0 , 0 0 0

5 , 0 0 0
10,000
7 5 , 0 0 0
50 ,000
10,000
10,000

5 , 0 0 0
5 ,000

50,000
1,000

100,000
7 5 , 0 0 0

100,000
5 0 , 0 0 0

100,000
100,000

in the

inin

oo
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T A B L E 6-5
VAPOR P R E S S U R E S O F S I G N I F I C A N T V O L A T I L EO R G A N I C COMPOUNDS

V A P O R P R E S S U R Ei n P S I A '

Benzene

E t h y l b e n z e n e

T o l u e n e

1.53

0.15

0.45

- 17

2.54

0.28

0.79

% C h a n g e
66.0

86.7

75.6
in

o
O
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O v e r a l l , the March 4 and 5, 1986 ambient air
s a m p l i n g survey generated a very high q u a l i t y level of da ta
which was v e r i f i e d through i n d e p e n d e n t s a m p l i n g and a n a l y s i s .
The da ta are repre s entat ive of average ambient air q u a l i t y of
the site and indi ca t e the site has no impact on local air
q u a l i t y .

r-in
MDtooo
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7.1 i n t r o d u c t i o n - T h i s c h a p t e r p r e s e n t s the r e s u l t s o f
a n e c o l o g i c a l survey o f t h e S h e r i d a n D i s p o s a l S e r v i c e s ( S D S J
s i t e and the surrounding area. An in i ta l survey was conduc t ed
in J a n u a r y and February of 1 9 3 6 ; a f o l l o w - u p survey was done in
J u n e , 1986. C o m p l e t e copie s of the e co logica l surveys are
f o u n d in A p p e n d i c e s 7A and 7B, , . , .-.;[1;!::...;••»---^i -•.-.-^

The o b j e c t i v e s o f the surveys were to:
• p r e p a r e an inventory of p l a n t s and a n i m a l s on

t h e S h e r i d a n D i s p o s a l S e r v i c e s s i t e , i n c l u d i n g
the S h e r i d a n p r o p e r t y and the a d j a c e n t
p r o p e r t y east of the entrance road;

• as se s s the e c o l o g i c a l c o n d i t i o n of the
p r o p e r t y and the current or p o t e n t i a l
e c o l o g i c a l s t r e s s e s on the f l o r a and f a u n a ; and

• i n v e s t i g a t e s p e c i f i c a l l y the pr e s enc e and
s ta tu s of endangered p l a n t aad animal spec i e s
and asses s any c r i t i c a l h a b i t a t s o f those
s p e c i e s .

All areas and m i c r o h a b i t a t s o f t h e s i t e and a d j o i n i n g
p r o p e r t y , a t o t a l c f a p p r o x i m a t e l y two square m i l e s , were
surveyed. A n ex tens ive c a t a l o g o f t h e s i t e ' s p l a n t a n d animal
s p e c i e s , i n c l u d i n g p o p u l a t i o n d e n s i t i e s a n d t a x a , c a n b e f o u n d
in A p p e n d i c e s 7A and 7B.

cctr\

oo
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F l o r a l and f a u n a l d i v e r s i t y and d i s t r i b u t i o n s were
evaluated by the site inves t igator who has p e r f o rmed f i e l d work
in t h i s region f o r 25 years ( A p p e n d i x 7A, S e c t i o n 4 . 1 ) .

S a m p l i n g d u r i n g t h e survey cons i s t ed o f :
• c o l l e c t i n g and i d e n t i f y i n g p l a n t s p e c i e s ;
• screening and i d e n t i f y i n g insect larvae f r o i n

e v a p o r a t i o n . s y s t e m ^ s e d i m e n t s ;
• l i v e - t r a p p i n g s m a l l m a m m a l s ; and
« c o l l e c t i n g and i d e n t i f y i n g insect

inver t e bra t e s f o u n d under l o g s and in s u r f a c e
debr i s .

In a d d i t i o n t o ob s erva t i on s and s a m p l i n g s , mammal
s p e c i e s and r e l a t i v e p o p u l a t i o n s were de t ermined by a n a l y z i n g
t r a c k s f o u n d in the survey area. M o s t o f the mammal s e x p e c t e d
in the r e g i o n , based on the i n v e s t i g a t o r ' s e x p e r i e n c e , were
d e t e c t e d .

S e a s o n a l ambient c o n d i t i o n s dur ing the winter survey
i n f l u e n c e d t h e s p e c i e s d i v e r s i t y g r e a t l y . D a y t i m e t e m p e r a t u r e s
ranged f r o m 35 t o 75 d e g r e e s F. Previou s f r e e z e s had k i l l e d
much o f t h e emergent p l a n t growth. A d d i t i o n a l p l a n t s p e c i e s
were i d e n t i f i e d i n J u n e , 1986 ( A p p e n d i x 7 B ) .

Birds s i g h t e d in J a n u a r y - F e b r u a r y , 1986 were those
that n o r m a l l y inhab i t t h e U p p e r T e x a s Coast i n w in t e r . S o m e
are p ermanent r e s i d e n t s , but many are pre s en t only d u r i n g t h i s
season and move f a r t h e r north in the s p r i n g . T h e y , in turn,

vOrooo
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are r e p l a c e d by other spec i e s that return to nest. S e v e r a l
n e s t i n g sp e c i e s were v e r i f i e d in J u n e .

The number of insect s and r e p t i l e s was a l s o reduced
d u r i ng the w in t er season. Many spend the c o lder months in
d i a p a u s e or in h i b e r n a t i o n , and are u n d e t e c t a b l e by s u r f a c e
surveys. Summer insect p o p u l a t i o n s were p a r t i c u l a r l y h i g h ,
accompanied by a h i g h s p e c i e s d i v e r s i t y . T e r r e s t r i a l r e p t i l e s
are s ev er e ly l i m i t e d on the s i t e because of the l a c k of
a d e q u a t e ground cover due to c u l t i v a t i o n and c a t t l e g r a z i n g .
T h i s l a c k o f cover a l s o l i m i t s t h e number o f s m a l l m a m m a l s .

S u m m a r i z i n g th e r e s u l t s o f th e survey, th e SDS s i te
c o n t a i n s a number of d i f f e r e n t e c o l o g i c a l h a b i t a t s and a
c o r r e s p o n d i n g d i v e r s i t y o f p l a n t and animal s p e c i e s . T h e s e
were c a t a l o g e d and t h e i r r e l a t i v e numbers and c o n d i t i o n s
ob s erved. T h e d a t a compare f a v o r a b l y wi th area b i o l o g i c a l
c h e c k l i s t s and wi th r eg i ona l f i e l d work carried out by the
i n v e s t i g a t o r over a 25-year p e r i o d . I n d e e d , in many cases,
nuiriers o f s p e c i e s and i n d i v i d u a l s were p a r t i c u l a r l y h i g h .

N o d e t r i m e n t a l e f f e c t s o n t h e f l o r a a n d f a u n a f ro i r .
t h e pr e s enc e o f was t e s were d e t e c t e d , e x c ep t f o r t h e i r
o c ca s i ona l p h y s i c a l contact w i t h f l o a t i n g o i l in th e d i s p o s a l
p o n d . P l a n t s p e c i e s were as d iv e r s e and as abundant in the
i m m e d i a t e v i c i n i t y of the d i s p o s a l sy s t em as in the more
d i s t a n t areas o f the survey t rac t . N o n e showed evidence o f
b i o c o n t a m i n a t i o n a s r e f l e c t e d by abundance, s ta ture , f o l i a r
c o n d i t i o n , f l o w e r s , o r f r u i t s . T h e y a l s o s u p p o r t e d h i g h

O
vD
vO
K .̂
O
O
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concentrations of birds and insects ( A p p e n d i c e s 7A, S e c t i o n
7.2.1; 7B, S e c t i o n 5 . 1 ) .

I n s e c t s of several orders were abundant during the
J u n e survey ( A p p e n d i x 7B, S e c t i o n 6 , 5 ) ; many species were
observed in all s tages of deve lopment and metamorphos i s . NO
d i s r u p t i o n of normal deve lopment was noted, even in c lose
p r o x i m i t y to the d i s p o s a l pond.

No endangered spec ie s were de tec t ed on the survey
s i t e . Endangered spec ie s l i s t s o f t h e U . S . F i s h a n d W i l d l i f e
S e r v i c e and the T e x a s O r g a n i z a t i o n for Endangered S p e c i e s were
c h e c k e d , county by county, for W a l l e r County and al l
s u r r o u n d i n g counties . N o n e of the l i s t e d specie s was observed
o n t h e S h e r i d a n S i t e ( A p p e n d i x 7 A , S e c t i o n 9 . 0 ) .

F i g u r e 7-1 shows the l o c a t i o n and extent of the
survey in W a l l e r C o u n t y ,

7.2 E c o l o g i c a l D e s c r i p t i o n - E c o l o g i c a l l y , th e SDS si te
and a d j a c e n t p r o p e r t y lie on the contact l ine between the
B l a c k l a n d P r a i r i e and the Post Oak Savannah v eg e ta t i ona l
areas. E x a m p l e s of both v e g e t a t i o n a l zones occur in the
i m m e d i a t e area, c on tr i bu t ing to a high f l o r a and f a u n a s p e c i e s
d i v e r s i t y .

Two other v e g e t a t i o n a l areas, t h e G u l f P r a i r i e t o t h e
s o u t h e a s t and P i n e y w o o d s to the n o r t h e a s t , b eg in o n l y a f ew
m i l e s away ( F i g u r e 7 - 2 ) . T h e s e , too, contribute r e p r e s e n t a t i v e
s p e c i e s to the c o m p o s i t e community.
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S o i l s ar e p r e d o m i n a n t l y Brazoria c l a y s , with zones o f
Oklared and C l e m v i l l e nearer the Brazos River. T h e s e s o i l s are
g e n e r a l l y low in p e r m e a b i l i t y and p o o r l y d r a i n e d . R e f e r to
C h a p t e r 2 for more i n f o r m a t i o n on site soi l s .

The tract west of the entrance road contains m o s t l y
c u l t i v a t e d hay f i e l d s and weedy pas tures . S m a l l , i s o l a t ed
t h i c k e t s a n d wooded t rac t s prov id e a d d i t i o n a l w i l d l i f e h a b i t a t s .

W o o d l a n d s cover roost of the area east of the survey
s i t e . C e d a r e lm i s the m a j o r tree s p e c i e s ; H a w t h o r n i s the
d o m i n a n t u n d e r s t o r y shrub. T h e r e are a l s o several open p a s t u r e ,
p o n d , and f o r e s t m i c r o h a b i t a t s a s d i s c u s s e d . A genera l
d e s c r i p t i o n of the survey area i s i l l u s t r a t e d in F i g u r e 7-3.

7 .3 W i l d l i f e C o m m u n i t i e s - The survey area i s d i v i d e d
into several d i s t i n c t w i l d l i f e communities or biomass. The
biomass in the S h e r i d a n p r o p e r t y i n c l u d e :

1 ) t h e d i s p o s a l p o n d ;
2 } t h e e v a p o r a t i o n s y s t e m ;
3 ) C l a r k L a k e ;
4) t h e Brazos River bank;
5 ) t h e h a y f i e l d s ;
6 ) p a s t u r e s ;
7) wet t h i c k e t s ; and
8) the river bank w o o d l a n d s .

The l o c a t i o n of these areas is shown in F i g u r e 7-4.
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7 , 3 . 1 D i s p o s a l P p n d - The earthen d ike around the
d i s p o s a l pond is covered with grasses and other herbaceous
p l a n t s . The s l o p e t o th e edge o f th e pond i s f a i r l y g e n t l e ;
the s l o p e to the surrounding f i e l < 3 . i s s t e eper and eroded by
r a i n f a l l and c a t t l e p a t h s in several p l a c e s * V e g e t a t i o n covers
n e a r l y 100% of the d ike on the east s i d e of the p o n d ; but
emergent p l a n t growth covers only 70-80% of the western s i d e .
Bare areas are due p r i m a r i l y to eros ion, not to any a p p a r e n t
ch emi ca l or p h y s i c a l damage by pond subs tances . A var i e ty of
p l a n t s t h r i v e s t o t h e w a t e r ' s edge .

Low groundcover c on s i s t s of bermuda gras s
( C y n o d o n d a c t y l o n ) and a mix ture o f other grasse s . C u r l y dock
( R u m e x c r i s p u s ) , rough-seed b u t t e r c u p ( R a n u n c u l u s m u r i c a t u s ) ,

• - 1 - J •*• - " c lovers ( T r i f o l i u m repens andw h i t e and C a r o l i n e _____ . . _ _ T .
c a r o l i n i a n u m ) , b l a c k med i c ( M e d i c a g o l u p u l i n a ) , C a r o l i n a
g e r a n i u m ( G e r a n i u m c a r o l i n i a n u s ) , wood-sorrel ( o x a l i s s p . ) /
b u l l t h i s t l e ( C i r s i u m h o r r i d u l u m ) , c l a s p i n g henbit ( L a m i u r n
a m p l e x i c a u l e ) , s ou thern dewberry (Rubus t r i v i a l i s ) , a n d several
o ther l ow g r o w i n g s p e c i e s ar e mixed wi th th e gra s s e s . T a l l e r
g i a n t ragweed ( A m b r o s i a t r i f i d a ) , r a t t l e b u s h ( S e s b a n i a
d r u m m o n d i i ) , s i l v e r - l e a f n i g h t s h a d e ( S o l a n u m e l a e a g n i f p l i u m ? ,
t a l l g o l d e n r o d ( S o l i d a g o a l t i s s i m a ) , a n d c o ck l ebur ( X a n t h i u m
s t r u m a r i u m ) are a l s o common.

M a n y o f the p l a n t s t a l k s were f e s t o o n e d in
winter w i t h egg cases o f th e b l a c k - a n d - y e l l o w garden s p i d e r
( A r g i o p e j m r a n t i a ) . several cases were opened and contained

7 - i o
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l i v i n g baby s p i d e r s . T h e i r numbers ind i ca t ed a t h r i v i n g insect
p o p u l a t i o n during warmer seasons; this was conf irmed in the
J u n e f o l l o w - u p ( A p p e n d i x 7 B ) .

T r a c k s o f wh i t e - ta i l ed deer ( p d p c o i l u s
v i r g i n i a n u s ) , raccoon ( P r o c y o n l o t o r ) f a n d gray f o x ( U r o p y o n
c i n e r e p a r g e j r t e u s ) were f o u n d in hardened mud a l o n g the waste
l a g o o n levee. S m a l l p o o l s o f water in d e p r e s s i o n s on the d i k e
harbored t h i c k a l g a l mats and a number of r e c ent ly
metamorphosed b u l l f r o g s (Rana c a t e s b e i a n a ) . B u l l f r o g s a n d
several red-eared t u r t l e s ( C h r y s e m y s s c r i p t a e l e g r n s ) were a l s o
f o u n d in a s m a l l pond j u s t o u t s i d e the eastern d ik e w a l l .

T h e w i l d a n i m a l s were n o t s a c r i f i c e d f o r
b i o c o n t a m i n a t i o n s t u d i e s because there was no evidence of
s tre s sed p o p u l a t i o n s , even in those spec i e s that c ompl e t e the ir
r e p r o d u c t i v e cyc l e s w i t h i n th e immed ia t e d i s p o s a l - p o n d area.
C a t t l e were the most f r e q u e n t m a m m a l i a n v i s i t o r s , and they were
s u b j e c t e d t o b i o a s s a y ( C h a p t e r 8 . 0 ) . N o con taminant s above F D A
r e g u l a t o r y l e v e l s were f o u n d ,

A r e c en t ly dead le s ser scaup duck ( A y t h y a
a f f i n i s ) , t h e s k e l e t a l remains o f a red-winged b lackb ird
( A g e l a i u s p h o e n i c e u s ) , a n d a great b lu e heron ( A r d e a h e r o d i a s )
were f o u n d a l o n g the bank- T h e s e b i r d s were covered wi th o i l
a n d p r e s u m a b l y d i e d f r o m d i r e c t contac t w i th f l o a t i n g o i l .

Observation of remains revealed no evidence of
s cavenging. Scavenger s n o r m a l l y dismember a skele ton as they
eat f l e s h . T h e s e s k e l e t on s were in ta c t . T h i s observation i s
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cons i s t ent with D r . T v e t e n ' s experience that w i l d a n i m a l s
rare ly scavenge on the carcasses of birds that have d i ed a f t e r
direct contact wi th o i l . Scavenger s a p p e a r to be r e p e l l e d by
the odor and ta s t e of the oil on the animal .

; ' 7 . 3 . 2 E v a p o r a t i o n S y s t e m - E a r t h e n d i k e s d i v i d e t h e
e v a p o r a t i o n sys t em into many s h a l l o w p o n d s , s i m i l a r to a rice
f i e l d ( F i g u r e 7 - 5 ) . Some s e c t i on s were f l o o d e d a f e w inches i n
d e p t h d u r i n g the survey; others were dry. T h e s e would be
e x p e c t e d to f i l l to a greater extent d u r i n g heavy rains.
Variou s a spe c t s of the evaporat ion system are shown in F i g u r e
7-6.

Ground cover on the dikes is sparse in winter,
and heavier in warmer seasons of the year* It consis t s
p r i m a r i l y o f short grasses and clovers. Giant ragweed S l u g for
( A m b r o s i a t r i f i d a ) , cur ly dock (Ruir.ex c r i s p u s ) , cocklebur
( X a n t h i u m s t r u m a r i u m ) , a n d r a t t l e b u s h ( S e s b a n i a d r u m m o n d i i )
grow on the d i k e s a n d , to a l e s s er e x t e n t , in the sy s t em
i m p o u n d m e n t s t h e m s e l v e s . ;

T r a c k s o f raccoons ( P r o c y o n l o t o r ) and an
o p o s s r T n ( D i d e l p h i s v i r g i n i a n a ) were f o u n d i n t h e i m p o u n d m e n t s .
A l a r g e f l o c k o f up t o 160 l ea s t s a n d p i p e r s ( C a l i d r i s
m i n u t i l l a ) used the e v a p o r a t i o n sy s t em as a f e e d i n g ground
c o n t i n u a l l y d u r i n g the w in t e r survey; a f l o c k o f 130
green-winged teal ( A n a s c r e c ca) was observed on one occasion.
S m a l l e r number o f m a l l a r d ( A n a s p i a t y r h y n c h o s ) , k i l l d e e r
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( C h a r a d r i u s y o c l f e r t i s ) , b l a c k b e l l i e d p l o v e r s ( P l u y i a l i s
s q u a t a r o l s ) , greater and lesser y e l l o w l e g s ( T r i n g a melanoleuca
a n d T - f l a y i p e s ) , common snipe ( G a l l i n a g o g a l l i n a g o ) , water
p i p i t s ( A n t h u s s p i n o l e t t a ) , red-winged ' c T a c k b i r d s ( A g e l a i u s
p h o e n i c e u s ) and savannah sparrows ( P a s s e r c u l u s s a n d w i c h e n s i s )
were a l so seen f r o m time to t ime , as were a great blue heron
( A r d e a h e r o d i a s ) , and a great egret (Ca_smerpd iu s a l b u s ) .

C l e a r l y t h e cons truc t ion o f t h i s e v a p o r a t i o n
sys tem has created a new habitat for w i l d l i f e on the SDS s i t e ;
it is one that did not p r e v i o u s l y ex i s t . S h o r e b i r d s and
w a t e r f o w l f l o c k to the p o n d s to f e ed on organisms breeding in
the s h a l l o w water and wet mud.

T o i d e n t i f y t h e f o o d i t ems o f t h e s a n d p i p e r s
and d u c k s , mud s a m p l e s were taken f r o i c two locat ions where the
l a r g e f l o c k s were observed most o f t e n . The s a m p l e s were washed
and screened, and the organisms examined under a microscope.
Enormous numbers of two genera of "bloodworms" m i d g e larvae
( f a m i l y C h i r o n o m i d a e ) , were f ound as well as several other
insect larvae and p u p a e , al l o f the order D i p t e r a . F i g u r e 7-7
is an i l l u s t r a t i o n of the insect larvae f o u n d .

A s t u d y o f p o s s i b l e chronic e f f e c t s on b i rd s
u t i l i z i n g the evaporation area as a f e e d i n g ground was not
deemed f e a s i b l e , since they were p r i m a r i l y m i g r a t o r y s p e c i e s
that move northward to breed. T h e y could p o s s i b l y be ne t t ed
and b a n d e d , but they would be gone b e f o r e any cumulative or
chronic e f f e c t s could be a s s e s s ed .
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The f a c t that these p o p u l a t i o n s ar e m i g r a t o r y ,
however, a l s o decreases the ir exposure to p o t e n t i a l h a z a r d s and
reduces the p o s s i b i l i t y of chronic toxic i ty. Birds observed
appeared to be ou tward ly h ea l thy and active.

7.3.3 C l a r k Lake - C l a r k Lake i s a l o n g , narrow lake
f o r m e d by damning a natural d r a i n a g e channe l . C l a r k Lake is
d i v i d e d into 3 s e c t ions by two earthen d a m s ; these s e c t ions
must be considered as b i o l o g i c a l l y separate. A thin screen of
l a r g e b lack w i l l o w s ( S a l i x n i g r a ) a n d locus t trees ( G l e d i t s i a
s p . ) grows a l o n g t h e edge o f C l a r k L a k e , t o g e t h e r wi th t h e
r a t t l e b u s h ( S e s b a n i a d r u m m o n d i i ) . S u g a r hackberries ( C e l t i s
l a e v i g a t a ) and a f ew pecan trees (Carya i l l i n p e n s i s ) grow a l o n g
the h igher p o r t i o n s of the banks and are interlaced with the
vine s o f g r a p e ( V i t i s s p . ) / s a w greenbriar ( S m i l a x b o n a - n o x ) ,
and s ou th ern dewberry (Rubus t r i v i a l i s ) .

The east s e c t i on o f th e lake i s f i l l e d w i th
f l o a t i n g water-hyac inth s (Ei chhorn ia c r a s s i p e s ) . As many as
e igh t very l a r g e red-eared t u r t l e s ( C h r y s e m y s s c r i p t a e l e g a n s )
were seen sunning o n f l o a t i n g l o g s ( F i g u r e 7 - 6 ) ; s m a l l
b u l l f r o g s ( R a n a c a t e s b e i a n a ) a n d numerous m o s q u i t o - f i s h
( G a m b u s i a s p . ) were observed in the water.

The l o n g , central p o r t i o n of the lake lacks
the w a t e r - h y a c i n t h s because o f the p h y s i c a l barrier o f the d a m ;
i t i s h e a v i l y mat t ed in s t ead wi th p o n d w e e d ( P o t a m p g e t o n
n p d o s u s ) ( F i g u r e 7 - 6 ) . V a r i o u s grasse s ( f a m i l y G r a m i n e a e ) a n d
s edge s ( f a m i l y C y p e r a c e a e ) grow in s h a l l o w water, along with
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arrowhead ( S a g i t t a r i a s p . ) and water smartweed ( P e r s i c a r i a
h y d r o p i p e r o i d e s ) .

The western section is dry during port ions of
the year; thus it has l i t t l e of the aquatic l i f e . c h a r a c t e r i s t i c
of the other two.

B e l t e d k i n g f i s h e r s ( C e r y l e a I c y o n ) were
observed f e e d i n g on aquatic l i f e on several occasions and a
C o o p e r * s hawk ( A c c i p i t e r c p p e r i i ) was seen once in the trees.
numerous smal l b irds u t i l i z e d the habi ta t f r o m time to time.

During S e p t e m b e r 1984, Resource E n g i n e e r i n g ,
I n c . conducted an aquat i c survey o f C l a r k Lake . T h i s survey
was d e s igned to determine the b i o l o g i c a l d iv e r s i ty in the lake
as we l l as to determine if the aquatic l i f e was undergo ing
environmental stresses a t t r i b u t a b l e to the SDS waste management
area. S a m p l e s i t e s were chosen to account for p o s s i b l e
environmental variat ions which could a f f e c t the d i s t r i b u t i o n o f
organi sms .

A l l l o ca t i on s seined p r o d u c e d c o m p a r a b l e
numbers o f nek toni c and a m p h i b i u s s p e c i e s . Benth i c s p e c i e s
were f o u n d in greater abundance near the shoreline. A q u a t i c
and t e rr e s t r ia l insects were c o l l e c t e d f r o m th e w a t e r ' s
s u r f a c e . T h e s e d a t a are pr e s en t ed in A p p e n d i x 7c.

7 , 3 . 4 Brazos River Bank - The river bank a l o n g the
northern edge of the S h e r i d a n survey site is p r i m a r i l y a s t e ep
c l a y b l u f f d e s c end ing a b r u p t l y t o t h e water ( F i g u r e 7-6). Near
the eastern boundary, on the a d j a c e n t p r o p e r t y , a small
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f l o o d p l a i n wood land contains eastern cottonwood ( P p p u l u s
d e l t o i d e s ) , pe can ( G a r y a i l l i n p e n s i s ) , sugar hackberry ( C e l t i s
l a e y i g a t a ) and a f ew green ash ( F r a x i n u s p e n n s y l v a n i c a ) . Large
grape vines ( V i t i s s p « ) d r a p e t h e branches. A f e n c e l i n e a l o n g
the top of the b l u f f i s grown up with hackberry, locus t
( G l e d i t s i a s p . ) a n d H e r c u l e s - c l u b (_Z_anthpxyl_um c l a y a - h e r c u H s ) .

The bank becomes more abrupt west of the SDS
d i s p o s a l area, and the trees decrease in size and number.
B l a c k w i l l o w s ( S a l i x n ig .ra) and a f ew co t t onwood s c l i n g t o th e
bank b e l ow the brink and extend down to the edge of the water.
Few herbaceous p l a n t s grow on the s t e e p c l a y bank except for
g ian t ragweed ( A m b r o s i a t r i f i d a ) a n d t a l l g o l d e n r o d ( S p l i d a g o
a l t i s s i m a ) . C o n s t a n t erosion f r o m r a i n f a l l a n d river-level
f l u c t u a t i o n s p r e c l u d e s e x t e n s i v e p l a n t cover or a t t e n d a n t
w i l d l i f e p o p u l a t i o n s . . , . •

7.3.5 H a y F i e l d s - T h e entire southern p o r t i o n o f
the S h e r i d a n p r o p e r t y , f r o m the entrance road on the eastern
b o u n d a r y to the o i l f i e l d road and western f e n c e l i n e , has been
p l a n t e d in hay. During the pa s t season, thi s was a t a l l
commerc ial sorghum known as " H a y Grazer ." The la s t c u t t i n g was
not c o m p l e t e d in the f a l l , and the hay remained in the f i e l d .
A p o r t i o n of th i s was being p lowed d u r i n g the winter s t u d y
p e r i o d .

The only e co log i ca l d iver s i ty wi th in this
section is a l ong the southern and western fencerows and in
s m a l l , wet dra inage s . The southern f e n c e l i n e contains sugar
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hackberry ( C e l t i s l a e v i g a t a ) and a f ew H e r c u l e s - c l u b
( Z a n t h o x y l u i n c lava-hercul i_s) overgrown with dewberry and
blackberry (Rubus s p ) , Low dra inage areas contain various
grasses ( G r a m i n e a e ) , sedges ( C y p e r a c e a e ) , f a l s e dragon-head
( P h y s o s t e g i a s p . ) a n d horsemint ( M p n a r d a s p . ) *

A wide d i t ch between the o i l f i e l d road and the
f e n c e l i n e on the western boundary is r e l a t i v e l y bare except for
s t a l k s o f giant ragweed ( A m b r o s i a t r i f i d a ) .

Birds seen us ing these f i e l d s i n c l u d e d l a r g e
numbers of eastern meadowlarks ( S t u r n e l l a magna) and savannah
sparrows ( P a s s e r c u l u s s a n d w i c h e n s i s ) . H a w k s , vu l tur e s and crows
were seen f r e q u e n t l y , and f l o c k s of geese pa s s ed overhead
several t imes . It a p p e a r e d that one f l o c k o f snow geese ( C h e n
c a e r u l e s c e n s ) i n t e n d e d to land in the h a y f i e l d but was
f r i g h t e n e d by a t ra c t or and continued on.

S e v e n t y S h e r m a n rodent t r a p s were s e t a l o n g
the southern f e n c e l i n e ( F i g u r e 7-4) at 30- f oo t in t erval s and
b a i t e d w i th a mix ture o f m i l l e t and s u n f l o w e r seeds. Set
b e f o r e dusk and picked up the f o l l o w i n g morning, they
p r o d u c e d : a northern pygmy mouse ( B a i o m y s t a y l o r i ) , a f u l v o u s
harvest mouse ( R e i t h r o d o n t o m y s f u l v e s c e n s ) , and a h i s p i d cotton
r a t ( S i g m o d o n h i s p i d u s ) ; t h i s was a normal s a m p l e f or a
cu l t i va t ed area.

7.3.6 P a s t u r e - The northern p o r t i o n o f the S h e r i d a n
p r o p e r t y consi s t s o f open pasture. Short grasse s , i n c l u d i n g
Bermuda grass ( C y n o d o n d a c t y l o n ) , d o m i n a t e in th e east ( F i g u r e
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7 - 8 ) ; the western por t i on s are much more weedy. No d i f f e r e n c e s
in t y p e or abundance of vege ta t i on were seen in the immedia t e
v i c i n i t y of the d i s p o s a l pit or northwestward f r o m the pit to
the river bank, the d i r e c t i o n of f^ow of .., t̂ e,: - . s h a l l o w
groundwat er .

T a l l e r growth includes the dominant giant
ragweed (Ambrps_ia t r i f i d a ) a n d s i l v e r - l e a f n ight shade ( S p l a n u m
e l a e a g n i f o l i u m ) , as we l l as s ca t t er ed cocklebur ( X a n t h i u m
s t r u m a r i u m ) , g o l d e n r o d ( S o l i d a g o sp. ) , and croton ( C r o t o n
s p , ) . At the northwest corner o f the t r a c t , the dense weeds
( c h i e f l y r a g w e e d ) reach a h e igh t of 6 to 8 f e e t .

Most abundant of the other herbaceous p l a n t s
are: b lue-eyed-gras s ( S i s y r i n c h i u m s p . ) / curly dock (Ruroex
c r i s p u s ) , p e p p e r g r a s s ( L e p i d i u m v i r g i n i c u m ) , b la ck medick and
and s p o t t e d bur-clover ( M e d i c a g o l u p u l i n a and M. a_rabi ca) ,
wh i t e a n d C a r o l i n a c lover ( T r i f o l i u m repens a n d T .
carol i n i a n u m ) , C a r o l i n a geranium ( G e r a n i u m c a r o l i n i a n u m ) ,
a x o c a t z i n ( S i d a r h o m b i f o l i a ] , p i n k ev en ing-pr imro s e ( O e n p t h e r a
s p e c i o s a ) , chervil ( C h a e r o p h y l l u m t a i n t u r i e r i ) p o n y f o o t
( D i c h o n d r a c a r o l i n e n s i s ) , tuber vervain ( V e r b e n a r i g i d a ) ,
f r o g - f r u i t (Phy_ia sp . ) , c l a s p i n g henbit ( L a j i H m a m p l e x i c a u l e ) ,
g r o u n d c h e r r y ( P h y s a l i s sp. ) , f l e a b a n e ( E r i g e r o n sp. ) , ragwort
( S e n e c i o s p . ) , b u l l t h i s t l e ( C i r s i u m h o r r i d u l u m ) , I n d i a n
b lanke t ( G a i l l a r d i a p u l c h e l l a ) , a n d several other u n i d e n t i f i e d
c o m p o s i t e s .
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Severa l areas contained f r e s h series of pocke t
g o p h e r mounds. Presumably these were of the Loui s iana pocket
g o p h e r ( G e o m y s b r e v i c e p s ) , a l t h o u g h they could p o s s i b l y have
been Geomys a t t w a t e r i . The Brazos River i s g e n e r a l l y r egarded
as the boundary between these newly s e p a r a t e d and very s i m i l a r
s p e c i e s . No a t t e m p t was made to t r a p the gopher s .

The dominant b i rd s were e s s e n t i a l l y the same
as in the c u l t i v a t e d f i e l d s and i n c l u d e d loo s e f l o c k s o f
ea s t ern m e a d o w l a r k s ( s t u r n e l l a m a g n a ) a n d w i n t e r i n g savannah
sparrows ( P a s s e r c u l u s s a n v i c h e n s i s ) . Of s p e c i a l note, however,
was a f l o c k o f 50 M c C o w n ' s l ong spur s ( C a l c a r i u s m c c o w n i i ) , a
very unusal winter s i g h t i n g in thi s area ( F e l t n e r and
P e t t i n g i l l , 1 9 8 0 ) . Local birders have reported them at other
l o c a t i o n s in W a l l e r County thi s year.

F i r e - a n t mounds are abundant throughout the
p a s t u r e , as th ey are in v i r t u a l l y every other h a b i t a t .
C r a y f i s h towers were a l s o f o u n d in several p l a c e s .

7.3.7 W e t T h i c k e t - I s o l a t e d i n t h e S h e r i d a n p a s t u r e
is a wet t h i c k e t of tree s and shrubs ( F i g u r e 7 - 8 ) .
A p p r o x i m a t e l y 150 f e e t acros s , i t i s the lowes t s po t in that
p o r t i o n of the survey area. At the t ime o f the s t u d y , the
water was 4 to 6 inches d e e p beneath the trees.

V e g e t a t i o n c on s i s t s o f l a r g e b l a c k w i l l o w s
( S a l i x n i g r a ) a n d water l o c u s t s ( G l e d i t s i a a q u a t i c a ) w i th
s m a l l e r green a s h ( F r a . x i n u s p e n n s y l y a n i c a ) , hackberry ( C e l t i s
l a e v i g a t a ) , a n d b u t t o n b u s h ( C e p h a l a n t h u s o c c i d e n t a l i s ) . S e d g e s
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( C y p e r a c e a e ) a n d dense t a n g l e s o f dewberry (Rubus s p . ) f r i n g e
the wet area of the thicke t .

Y e l l o w - r u m p e d warblers {Dendro i c c p r o n a t a )
were the only b i rd s f ound in the t h i c k e t / but tracks of herons
and several s m a l l e r b i rd s in the mud i n d i c a t e they are
f r e q u e n t l y pre s en t . No mammal tracks were f o u n d , nor were any
f r o g s or o ther r e p t i l e s or a m p h i b i a n s d e t e c t e d in the water
here. Because of its smal l s i z e , the tract a p p e a r s to serve
m a i n l y a s a t e m p o r a r y s h e l t e r f o r t r a n s i e n t a n i m a l s ( A p p e n d i x
7 A , 7 . 1 . 7 ) .

7 .3 .8 Riverbank W o o d l a n d - At th e f ar northwes t
corner of the S h e r i d a n tract is a f l o o d p l a i n woodland that
e x t e n d s a l o n g th e bank o f t h e Brazos River onto a d j a c e n t
p r o p e r t y to the west. About 6 to 8 f e e t lower than the
s u r r o u n d i n g area, with a more a l l u v i a l s o i l / i t p r o v i d e s a
unique e c o l o g i c a l niche ( F i g u r e 7 -8) .

On the s l o p e around the edge are sugar
hackberry ( C e l t i s l a e v i g a t a ) a n d pecan trees ( C a r y a

• " • • - ^ * — — — - ' — — — — ' I ' * • • ! . , » . • !•,,.,„__ ^ I I | , 1 1 1 » » 1 1 I I T ^ — — — — —

i l l i n o e n s l s ) , d r a p e d h e a v i l y with l a r g e vines o f g r a p e ( V i t i s
s p . , ) a n d p o i s o n - i v y (Rhus t o x i c o d e n d r o n ) . T h e b o t t o m i s
r e l a t i v e l y open and c on ta in s quite l a r g e eas t ern c o t t o n w o o d s
( P o p u l u s d e l t o i d e s ) a n d sycamores ( P l a t a n u s o c c i d e n t a l i s ) .

S e v e r a l a r m a d i l l o burrows ( D a s y p u s
n o v e m c i n c t u s ) and an ac t ive den of a gray fox ( U r o c y o n
c i n e r e o a r q e n t e u s ) were d i s covered . Bird specie s in c lud ed
eastern b l u e b i r d ( S i a l i a s i a l i s ) / w h i t e - t h r o a t e d sparrow
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( Z o n o t r i c h i a a l b i c o l l i s ) , f i e l d sparrow ( S p i z e l l a p u s i l l a ) , a n d
vesper sparrow (Pooece te s gramineus) ,

7.4 A d j a c e n t P r o p e r t y - The a d j a c e n t S t y e r s p r o p e r t y i s
h e a v i l y w o o d e d ; s m a l l e r , c leared pa s tur e areas are s ca t t e r ed
throughout. The area surveyed extends f rom the site entrance
on the west to the eastern edge of the woods* The l a t t e r
boundary corre sponds roughly to the corner where Clarke Bottom
Road turns south. Two north-south f e n c e s d i v i d e th e tract
r o u g h l y into t h i r d s and serve a s boundar i e s f or s m a l l p a s t u r e s
or t h i c k e t s that r e f l e c t varying land-u s e h i s t o r i e s . F i g u r e
7-9 shows the various environs f o u n d in the a d j a c e n t p r o p e r t y .

C e d a r elm dominate s the wood land with an under s tory
o f h a w t h o r n covered wi th gre enbr iar vines. T r e e l i m b s are
h e a v i l y d r a p e d wi th an e p i p h y t i c covering of various f r u t i c o s e
a n a f o l i o s e l i c h e n s , most d r a m a t i c o f which i s o l d m a n ' s beard
( U s r . e a s p . ) . S p a n i s h - m o s s ( T i l l a n d s i a u s n e o i d e s ) a l s o grows o n
some of the l a r g e r trees ( F i g u r e 7 - 8 ) , a s doe s the
s e i r . i p a r a s i t i c m i s t l e t o e ( P h o r a d e n d r o n tometosunO . T h e l a t t e r
is p a r t i c u l a r l y p r e v a l e n t on the southern edge of the tract
a l o n g C l a r k e B o t t o m R o a d .

Groundcover in the wood land consi s t s of a mixture cf
g r a s s e s and herbaceous p l a n t s that are h e a v i l y g r a z e d by
c a t t l e . Blue v i o l e t ( V i o l a s p . ) , C a r o l i n a b u t t e r c u p
( R a n u n c u l u s c a r p l i n i a n u s ) , ear ly bu t t er cup ( R . f a s c l c u l a r i s )
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and rough-seed bu t t e r cup (R. n u r i c a t u s ) are prominent in
anoister, shady areas. Open, sunny spot s contain l y r e - l e a f sage
( S a l v i a l y r a t a ) a n d s e l f - h e a l ( P r u n e l l a v u l g a r i s ) .

Most abundant of the small wood land birds in winter
were t h e A m e r i c a n g o l d f i n c h e s ( C a r d u e l i s t r i s t i s ) . A n
e s t imated 1,500 were seen one day, most of them in one enormous
f l o c k . The seeds of cedar elm are favored f o o d items of the
g o l d f i n c h , and the p r e p o n d e r a n c e o f that tree s p e c i e s
a p p a r e n t l y ensures a c o r r e s p o n d i n g l y high f i n c h p o p u l a t i o n .
S s a l l f e e d i n g f l o c k s o f k i n g l e t s , warblers , woodpecker s ,
c h i c k a d e e s and t i t m i c e were a l s o f r e q u e n t l y encountered . The
h i g h d e n s i t y o f s e e d - e a t i n g b i rd s argues f o r h i g h l y
r e p r o d u c t i v e success and good v i t a l i t y of the large cedar elms
( A p p e n d i x 7 A , S e c t i o n 7 . 2 . 1 ) .

A p a i r of r e d - s h o u l d e r e d hawks ( B u t e o l i n e a t u s ) and a
p a i r of barred owl s ( S t r i x v a r i a ) were seen on several
occat ions and were f r e q u e n t l y heard c a l l i n g . T h e s e rap tor s are
u n d o u b t e d l y permanent ne s t ing r e s id en t s and i n d i c a t e a s t a b l e
f o r e s t environment . T h e l a r g e p i l e a t e d w o o d p e c k e r ( D r y o c o p u s
p i l e a t u s ) w a s a l s o ob served.

The northwest corner of the a d j a c e n t wood land is
unique in the survey area in that it contains a mixture of very
l a r g e p e c a n ( C a r y e i l l i n p e n s i s ) and southern red oaks (Quercu s
f a l c a t a ) ( F i g u r e 7 - 8 ) . Both s p e c i e s a p p e a r t o b e in good
h e a l t h and are p r o d u c i n g large quant i t i e s of nuts and acorns.
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American and cedar elms ( U l m u s americana and tK
c r a s s i f o l i a ) , hawthorn ( C r a t a e q u s s p . ) a n d yaupon h o l l y ( I l e x
vomitoria? are a l s o present in th i s area and »ake thi s a denser
woods than that which occurs across the rest of the tract.
S t e m d e n s i t i e s here average 30 trees of more than 2-inch
diameter per 400 square f e e t .

V i n e s that e n v e l o p the trees and f u r t h e r add to the
f o r e s t d e n s i t y inc lude grape ( V i t i s s p . ) * C a r o l i n a s n a i l s e e d
( C p c c u l u s c a _ r o l i n u s ) , southern dewberry (Rubus t r iv ia l i s ) ,
p o i s o n - i v y ( R h u s t o _ x i c p d e n d r o n ) , rat tan-vine ( V e r c h e m i a
s c a n d e n s ) , and saw greenbriar ( S i l a x bona-nox). The r e s u l t i n g
t h i c k e t s p r o v i d e a d d i t i o n a l s h e l t e r a n d f o o d f o r f l o c k s o f
f o r a g i n g b i r d s . A n eastern c o t t o n t a i l ( S y l y i l a g u s f l o r i d a n u s )
was observed here, as was a fox squirrel ( S c i u r u s n i g e r ) .

A t r a p l i n e of 90 smal l Sherman l i v e t r a p s was p l a c e d
at 30-yard in t erva l s in a w ind ing course through th i s s ec t ion
( F i g u r e 7-7}. H o w e v e r , no r od en t s were c a p t u r e d o v e r n i g h t .

T h i s can be e x p l a i n e d by a lack of s u i t a b l e ground cover due to
heavy g r a z i n g , even in m o d e r a t e l y dense s egment s o f the woods .
T h e r e i s very l i t t l e good habi ta t f o r mice; th e s u r r o u n d i n g
w o o d l a n d i s even more open. P l e n t i f u l natural f o o d f r o m
f r u i t i n g p l a n t s w o u l d a l s o decrease t r a p p i n g success ( A p p e n d i x
7 A , S e c t i o n 7 . 2 . 2 ) .
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Two sections o f the wood s , a d j a c e n t to open p a s t u r e s
have been cleared of all large trees sometime in the pa s t and
now contain pr imary hawthorn ( C r a t a e g u s s p .) wi th t a n g l e d
t h i c k e t s o f s a w greenbriar ( S m i l a x bona-nox) ( F i g u r e 7-10)..

Birds f r e q u e n t i n g these shrubby t h i c k e t s i n c l u d e d :
mourn ing dove ( Z e n a i d a m a c r o u r a ) , eastern phoebe ( S a y o r n i s
p h o e b e ) , house wren ( T r o g l o d y t e s a e d o n ) , northern m o c k i n g b i r d
( H i n m s p o l y g l o t t o s ) , brown thrasher ( T o x o s t o m a r u f u m ) , northern

( H e l p s p i z ac a r d i n a l ( C a r d i n a l i s c a r d i n a l i s ) ,
m e l o d i a ) ,

song sparrow
L i n c o l n ' s sparrow ( H . _ l i n c o l n i i ) , w h i t e - t h r o a t e d

s p a r r o w ( Z o n o t r i c h i a a l b i c p l l i s ) , white-crowned sparrow ( z .
l e u c o p h r y s ) , H a r r i s ' sparrow ( Z ^ q u e r u l a ) a n d dark-eyed j u n c o
( J u n c o h y e m a l i s ) .

T h e s e m i c r o h a b i t a t s , however, are too s m a l l to serve
a s unique ni che s f o r r e s ident w i l d l i f e ; most o f t h e b i r d s
observed were a d v e n t i t i o u s f e e d e r s .

A s m a l l segment of the a d j a c e n t w o o d l a n d is lower and
w e t t e r and r e p r e s e n t s a very d i f f e r e n t m i c r o h a b i t a t . N u m e r o u s
green a sh tree s ( F r a x i n u s p e n n s y l v a n i c a ) ar e s c a t t e r e d among
t h e l a r g e r c edar e l m s ( U l m u s c r a s s i f o l i a ) , a n d t h e s p o n g y
ground is covered w i th a s p h a g n u m - t y p e moss of u n d e t e r m i n e d
s p e c i e s . P r i n c i p a l herbaceous p l a n t s v i s i b l e d u r i n g t h e s t u d y
were b l u e v i o l e t ( V i o l a s p . ) i rough-seed b u t t e r c u p ( R a n u n c u l u s
m u r i c a t u s ) a n d a b ed s t raw ( G a l i u m s p . ) . T h e area i s p r o b a b l y
t o o s m a l l , however, t o a t t r a c t unique w i l d l i f e sp e c i e s .
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The northeast corner of the a d j a c e n t w o o d l a n d ,
border ing the Brazos River, is several f e e t lover than most of
the surrounding land and contains very d i f f e r e n t f l o r a l
components. Large sugar hackberry trees ( C e l t i s l a e v i q a t a )
combine wi th pecan ( G a r y a i l l i n o e n s i s ) , southern red oak
Quercus f a l c a t a ) , white oak (Quercus a l b a ) , and post oak
(Quercu s s t e l _ l a t a ) . T h e r e are very few u n d e r s t o r y shrubs, and
the ground was h eav i ly grazed and t r a m p l e d by c a t t l e at the
t i m e o f the survey.

F a l l e n timber is much more abundant in thi s h a b i t a t ;
a number of inver t ebra t e sp e c i e s were l o c a t e d by t u r n i n g over
l o g s . T h e same p r o c e d u r e o f r o l l i n g l o g s a l s o revealed several
ground sk ink s ( L e i o l o p i s m a l a t e r a l e _ ) . No other r e p t i l e s were
ob s erved. I n t h e e x p e r i e n c e o f t h e s i t e i n v e s t i g a t o r , t h i s
p a u c i t y of r e p t i l e f o r m s , as with the scarcity of smal l
r o d e n t s , s h o u l d be a t t r i b u t e d to l a ck of adequate ground
cover. Except for the f a l l e n l o g s , the ground in th i s woodland
s e c t i o n was e s s e n t i a l l y bare mud, pock-marked wi th c a t t l e
tracks .

S e v e r a l a r m a d i l l o ( D a s y p u s n o v e m c i n c t u s ) burrows were
f o u n d , and a f l o c k of as many as 150 common g r a c k l e s ( Q u i s c a l u s
C ; u i s c u l a ) f o r a g e d through the open woods.

S e v e r a l s m a l l areas throughout t h e a d j a c e n t p r o p e r t y
have been cleared of all trees and shrubs and are h e a v i l y
g r a z e d by c a t t l e . Groundcover c on s i s t s of a mix tur e of short
grasses and many of the herbaceous p l a n t s f ound in the a d j a c e n t
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S h e r i d a n pasture. I s o l a t e d pa t che s o f t a l l e r weeds inc lude
g iant ragweed ( A m b r o s i a t r i f i d a ) , g o l d e n r o d ( S i l i d a q o s p . ) ,
milkweed ( A s c l e p i a s s p . ) , a n d s i l v e r - l e a f night shade ( s o l a t i u m
e l a e a q n i f o l i u m ) .

A very d i s t i n c t i v e f e a t u r e of the a d j a c e n t woodland
is a l o n g , narrow pond that begins at the entrance road across
f r o m C l a r k Lake and runs g e n e r a l l y eastward across the tract .
It i s a p p a r e n t l y an old oxbow of the Brazos River and p r o v i d e s
a uni c ju e hab i ta t for both p l a n t s and animal s ( F i g u r e 7-10) .

G r o w i n g in and a l o n g the w a t e r ' s edge are green a sh
( F r a x i n u s p ennsy lva_ni_ca) , water locust ( G l e d i t s i a a q u a t i c a ) ,
we s t e rn s o a p b e r r y ( S a p i n d u s d r u m o n d i i ) a n d r a t t l e b u s h ( S e s b a n i s
d r u m o n d i i ) . The western end of the p o n d , a d j a c e n t to C l a r k
L a k e , i s f i l l e d wi th wa t e r-hyac in th ( E i c h h o r n i a c r a s s i p e s ) ; t h e
remainder has a heavy growth of various sedges ( C y p e r a c e a e ) ,
arrowhead ( S a g i t t a r i a s p . ) / a n 3 f l o a t i n g water smartweed
( P e r s i c a r i a h y d r o p i p e r o i d e s ) ,

N u m e r o u s m o s g u i t o - f i s h ( G a m b u s i a s p . ) , red-eared
t u r t l e s ( C h r y s e m y s s c r i p t a e l e g a n s ) , s m a l l b u l l f r o g s (Rana
c a t e s b e i a n a ) , f i s h i n g s p i d e r s ( p o l o m e d e s s p . ) , a n d u n i d e n t i f i e d
water in s e c t s i n d i c a t e a f a i r l y r e l i a b l e water s u p p l y .

Two p a i r s o f wood ducks ( A i x s p o n s a ) and several
m a l l a r d s ( A n a s p l a t y r h y n c h o s ) were f l u s h e d f r o m t h e pond o n
several occasions. V e l l o w - r u m p e d warblers ( p e n d r o i c a c o r o n a t a )
r o u t i n e l y f e d t h r o u g h t h e o v e r h a n g i n g branches.
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Three f a i r l y large , square, manmade ponds are
scattered through the a d j a c e n t tract. The s e "tanks" have heavy
a l g a l growths and contain m o s q u i t o - f i s h ( G a m f o u s i a s p . ) and
aquatic insect s . T h e y are vi s i t ed by a variety of b ird s and
m a m m a l s , i n c l u d i n g duck s , herons, raccoons and deer.

7-5 B i r d s - A compo s i t e l i s t of 73 bird spec i e s was
accumulated dur ing f i v e winter v i s i t s t o the SDS site. N i n e
more were a d d e d in J u n e , 1986. T h e s e are summarized in T a b l e 2
in A p p e n d i c e s 7A and 7B. The common and s c i e n t i f i c names and
p h y l o g e n e t i c order f o l l o w t h e n e w A m e r i c a n O r n i t h o l o g i s t s
U n i o n ( A . O . U . ) C h e c k - L i s t o f N o r t h . .American B i r d s , 6 t h E d . ,
1 9 8 3 , as reviewed by Bryan et al ( 1 9 8 4 ) . T a x o n o m y and names
d i f f e r s i g n i f i c a n t l y f r o m o l d e r guidebooks that a r e s t i l l
f r e q u e n t l y used.

The s p e c i e s l i s t , of course, i s h i g h l y d e p e n d e n t on
the season of the year. Many b i rd s present in J a n u a r y move
f a r t h e r north to nest. T h e i r p l a c e s are taken, in turn, by
o ther s that arrive a f t e r w i n t e r i n g in C e n t r a l or S o u t h
A m e r i c a . C o n f i r m e d n e s t i n g s p e c i e s a r e ind i ca t ed i n A p p e n d i x
?B, T a b l e 2 . S p e c i e s d i v e r s i t y reaches i t s maximum dur ing
s p r i n g and f a l l m i g r a t i o n s when numerous warbler s , vireos,
t hru she s , o r i o l e s , gro sbeaks , tanagers and bun t ing s move across
or up the T e x a s C o a s t . A number of these m i g r a n t s migh t be
e x p e c t e d to v i s i t the area. A s p e c i e s l i s t was c o m p i l e d by
b i r d w a t c h i n g i n t e n s i v e l y , u s i n g 10 X 40 Z e i s s b inoculars.
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The site inve s t iga tor , Dr. T v e t e n , an exper i enced
T e x a s b irder a n d coauthor o f A B i r d e r ' s _ G u i d e t o t h e T e x a s
Coast ( J a m e s A. Lane and J o h n L. T v e t e n ) , considers the 82
s p e c i e s seen to be an e x c e l l e n t t o ta l for so smal l an area.
Most of the e x p e c t e d s p e c i e s were e n c o u n t e r e d , s omet imes in
u n e x p e c t e d l y high numbers. American g o l d f i n c h e s ( C a r d u e l i s
t r i s t i s ) , f o r e x a m p l e , were present in a f l o c k o f a p p r o x i m a t e l y
1 ,500 i n d i v i d u a l s , p r o b a b l y because o f t h e abundance o f c edar
elir.s , the seeds of which are a f a v o r i t e g o l d f i n c h f o o d .

Bird p o p u l a t i o n s en the site a p p e a r to be d i v e r s e ,
numerou s , a n d o u t w a r d l y h e a l t h y . T h e g r e a t e s t i m m e d i a t e threa t
is in p h y s i c a l contact wi th f l o a t i n g o i l s and chemical s in the
d i s p o s a l p o n d . No e n d a n g e r e d bird s p e c i e s were seen on th e SDS
s i t e .

7 ' 6 M a m m a l s * Evidence w a s f o u n d o n t h e site o f 1 2
d i f f e r e n t mammal s p e c i e s . F o u r were a c t u a l l y observed i n t h e
w o o d l a n d : V i r g i n i a o p o s s u m , nine-banded a r m a d i l l o , ea s t ern
c o t t o n t a i l , and fox squirrel. T h r e e rodents were
l i v e - t r a p p e d : f u l v o u s harvest mouse, northern p y g m y mouse, and
h i s p i d c o t t o n rat. T h r e e were i d e n t i f i e d f r o m t rack s ( M u r i e ,
1 9 7 4 ) : gray f o x , raccoon, and w h i t e - t a i l e d deer. An ac t ive
den o f th e gray f ox va s a l s o f o u n d , a l t h o u g h the animal was no t
observed. The d i v e r s i t y of mammal spe c i e s f o u n d at the s i t e
was h i g h as i n d i c a t e d by area c h e c k l i s t s and the i n v e s t i g a t o r ' s
p r i o r e x p e r i e n c e . M o s t p o t e n t i a l r e s i d e n t s were d e t e c t e d .
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?•7 Endangered S p e c i e s - The only endangered specie s
f e d e r a l l y l i s t e d f o r W a l l e r o r a d j a c e n t W a s h i n g t o n County ( U . S .
F i s h & W i l d l i f e Serv i c e c ommunica t i on) i s t h e b a l d e a g l e
( H a l i a e e t u s L e u c o c e p h a l u s ) . No eagl e s were seen on the SDS
s i t e , and no evidence of n e s t i n g was d e t e c t e d . T h e r e are no
known b a l d e a g l e nes t s in that v i c in i ty .

Other endangered species l i s t e d f or a d j a c e n t H a r r i s
a n d G r i m e s count i e s i n c l u d e t h e arct ic p e r egr ine f a l c o n ( F a l c o
p e r e g r i n u s t u n d r i u s ) , brown p e l i c a n ( P e l e c a n u s o c c i d e n t a l i s )
a n d N a v a s o t a l a d i e s ' - t r e s s e s ( S p i r a _ n t h e s e p a . r k s . i i ) , a s m a l l
w i l d o r c h i d . T e x a s b i t t e rweed ( H y m e n o x y s t e x a r . a ) h a s been
p r o p o s e d f o r l i s t i n g .

It i s r e m o t e l y p o s s i b l e that a p e r e g r i n e f a l c o n could
move t h r o u g h the SDS s i t e , but it i s no more l i k e l y to f o l l o w
such a route than any other. The brown p e l i c a n , l i s t e d for
H a r r i s C o u n t y , i s a s a l t - w a t e r s p e c i e s that needs no
c o n s i d e r a t i o n as a p o t e n t i a l v i s i t o r .

The S p l r a n t h e s is known f r o m Grimes County, but has
not been f o u n d in W a l l e r C o u n t y . The hab i ta t does not seem
a p p r o p r i a t e , and i t s presence i s very u n l i k e l y . N o n e was
d e t e c t e d d u r i n g the survey. H y m e n o x y s texana is now known o n l y
f r o m three s m a l l p o p u l a t i o n s near H o u s t o n i n H a r r i s C o u n t y .

C o n s i d e r a t i o n was a l s o given to the p o t e n t i a l f or the
H o u s t o n toad ( B u f o h o u s t p n e n s i s ) - The species has not been
repor t ed in W a l l e r C o u n t y , however, and the hab i ta t does not

CM

O
O

7 - 3 5
RESOURCE ENGINEERING



a p p e a r a p p r o p r i a t e . The toad requires a more eandy soil than
e x i s t s on the SDS s i t e .

The most recent l i s t o f t h e T e x a s O r g a n i z a t i o n f o r
E n d a n g e r e d S p e c i e s ( T . O . E . S . ) , E n d a n g e r e d / T h r e a t e n e d , & W a t c h
L i s t _ o f P l a n t s , o f ; T e x a s , (December 1 9 8 3 ) , w a s a l s o examined ; f 0 2 :
s p e c i e s tha t are s t a t e - l i s t e d but not on the f e d e r a l r o l l .
N o n e is known to occur in W a l l e r County.

7.8 B i o a c c u m u l a t i o n - Fat t i s sue and blood s a m p l e s were
t a k e n f r o m M r . S h e r i d a n ' s c a t t l e ( 8 . 2 . 3 ) t o as ses s t h e
p o t e n t i a l f o r b i o a c c u m u l a t i o n o f heavy m e t a l s a n d o r g a n i c
c o m p o u n d s . C a t t l e were chosen a s the s u b j e c t s b e cause , p r i o r
to e r e c t i n g the f e n c e to l i m i t s i t e access, they had f r e e range
o f t h e e n t i r e s i t e . T h e y were f r e q u e n t l y observed d r i n k i n g
wat e r f r o m the e v a p o r a t i v e s y s t e m and c o n s u m i n g v e g e t a t i o n in
the e v a p o r a t i v e sys t em and on the Pond Levee.

At the time of the s a m p l i n g , c a t t l e were the most
c o m m o n l y f o u n d mammal at the site. C o n s i d e r i n g the m i g r a t o r y
nature of most of the other a n i m a l s observed at the s i t e , the
c a t t l e as a s t a b l e p o p u l a t i o n were a good i n d i c a t o r o f

! • !

p o t e n t i a l b i o a c c u m u l a t i o n .
P o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) were s e l e c t e d

because o f the o r g a n i c c o m p o u n d s f o u n d at th£ s i t e ; th ey had
t h e h i g h e s t B i o l o g i c a l C o n c e n t r a t i o n F a c t o r ( B C F ) ( T a b l e 3 - 2 4 )
and, i f p r e s e n t , would r e a d i l y accumulate in animal f a t .
C a t t l e b lood s a m p l e s were taken because lead accumulates in
b l ood a f t e r i n g e s t i o n o f c o n t a m i n a t e d s o i l s o r p l a n t s .
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T e s t r e su l t s revealed ( T a b l e 8-1) no d e t e c t a b l e
l e v e l s of PCB in animal fat t issue and no lead in their b lood .

7.9 C o n c l u s i o n s - The e c o l o g i c a l survey way be summarized
wi th t h e f o l l o w i n g conc lu s ions .

• Nq, .stress on the surrounding p l a n t and animal
communi t i e s was a t t r i b u t a b l e to the m a t e r i a l s
in the d i k e d d i s p o s a l p o n d . An abundance of
f l o r a l and f a u n a l specie s occurs on the d i k e ,
even to th e edge o f th e water. No d i f f e r e n c e s
in p l a n t growth were f o u n d in the d i r e c t i o n of
the f l o w of s h a l l o w ground water toward the
Brazos River nor in any other d i r e c t i o n .
T h e r e i s no r u n o f f toward C l a r k Lake f r o m the
d i s p o s a l pond ( F i g u r e 7 - 5 ) .
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• D i v e r s i t y of e c o l o g i c a l h a b i t a t s at the s i t e
is h i g h / with an a t t endant d i v e r s i t y and
abundance o f p l a n t s p e c i e s . D i v e r s i t y o f
animal s p e c i e s i s c o r r e s p o n d i n g l y h i g h wi th
t o t a l numbers as large or larger than would be
e x p e c t e d .

• Birds are p a r t i c u l a r l y a b u n d a n t , both wi th
regard to s p e c i e s and to i n d i v i d u a l numbers.
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Construct ion of a diked evaporation f i e l d
created a new habitat for w i l d l i f e on the SDS
s i t e — o n e that did not p r e v i o u s l y ex i s t .
S h o r e b irds and water f o w l f l o c k to the p o n d s
to f e e d on organisms breeding in the s h a l l o w
water and wet mud. See A p p e n d i x 7A, 7.1.2.

C l a r k Lake on the S h e r i d a n tract and an oxbow
pond on the a d j a c e n t S t y e r s p r o p e r t y a p p e a r t o
have t h r i v i n g p o p u l a t i o n s o f aquatic p l a n t s
a n d a n i m a l s . F i s h , t u r t l e s , f r o g s , a n d
insects were seen in abundance. A number of
birds and mammals f e e d on these organisms.
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F o r e s t trees a d j a c e n t to the d i s p o s a l pit and
e v a p o r a t i o n f i e l d a p p e a r to be in good
h e a l t h . N e a r b y pecans and southern red oaks
are very l a r g e and are p r o d u c i n g good crop s of
nuts and acorns. Large cedar e lras are
e x t r e m e l y p r o d u c t i v e .

N o d e l e t e r i o u s e f f e c t s o n w i l d l i f e c a n b e
a t t r i b u t e d to o i l s or c h e m i c a l s s p r e a d i n g f r o m
the d i s p o s a l area. A seeming scarcity of
small rodents and terres trial r e p t i l e s almost
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c e r t a i n l y stems f r o m a lack of s u i t a b l e ground
cover due to heavy g r a z i n g of c a t t l e ,

T h e only immed ia t e threat t o animal l i f e f r o m
the d i s p o s a l pond is one of p h y s i c a l contact
by water f o w l . Birds l a n d i n g on the pond may
be i n j u r e d or k i l l e d by contact w i th f l o a t i n g
o i l .

No f e d e r a l or s t a t e - l i s t e d endangered p l a n t or
animal s p e c i e s were d e t e c t e d on the s i t e . One
b i r d , t h e b a l d e a g l e , could c onc e ivab ly wander
t h r o u g h in w i n t e r , but no evidence of n e s t i n g
w a s f o u n d .
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8 . 0 P U B L I C H E A L T H A N D E N V I R O N M E N T A L C O N C E R N S
T h e r e appear s to be no damage a t t r i b u t a b l e to the SOS site

to: f l o r a or f a u n a l i v i n g on or around the area; the Brazos
River and any users; users of the s h a l l o w a q u i f e r ; and users of
a d j a c e n t p r o p e r t y . " " - -

Air monitoring both around the waste pond and at the
perimeter of the site showed no concentrations above background
of RCRA organic compounds on the H a z a r d o u s Sub s tanc e s L i s t .

C a t t l e g r a z i n g in the area were s a m p l e d for lead and PCB
l e v e l s in b lood and fat tissue. No l ev e l s o f either
cons t i tuent were f o u n d above d e t e c t a b l e l ev e l s .

An acute oral t o x i c i t y test was p e r f o r m e d on rats using
pond s l u d g e . No rats died using a dosage level o f 5050 m g / k g .
A c c o r d i n g t o C a s a r e t t e a n d D o u l l ' s T o x i c o l o g y ! T h e Basic
S c i e n c e of Poi sons , a material with an between 5,000 m g / k g
and 15,000 m g / k g i s considered s l i g h t l y toxic . Long-term,
chronic e f f e c t s and carcinogenic e f f e c t s w i l l b e f u r t h e r
evaluated in the S i t e Endangerment Ass e s smen t .

The acute oral test pro t o co l is required by EPA in
eva lua t i on of hazardou s substance to human and domes t i c animal s
( E P A p u b l i c a t i o n 5 4 0 / 9 - 8 2 - 0 2 5 , November 1 9 8 2 ) . T h e c o m p l e t e
t o x i c o l o g i c a l report is f o u n d in A p p e n d i x 8A of the RI.

The acute oral t o x i c i t y test was run to determine an LDSQ
for the lagoon s ludge . A l t h o u g h the lagoon s ludge has many
individual components, these components, c o l l e c t i v e l y , may
produce toxic e f f e c t s d i f f e r e n t f rom the individual components.
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As an acute po i s on , benzene produc e s narco t i c e f f e c t s .
H i g h chronic doses of benzene have been as soc iated w i th
l eukemia , a p l a s t i c anemia and other b lood d i s o r d e r s . T h i s ,
however, does not mean that some mixture in which benzene is
f o u n d would produce the same acute or chronic e f f e c t s . Risk
c a l c u l a t i o n s and f u r t h e r d i s cu s s i on o f t h i s phenomena w i l l need
to be addressed in an endangerment assessment.

8.1 p o t e n t i a l R e c e p t o r s - The p o t e n t i a l e xpo sur e routes
i n c l u d e : d irec t contact w i t h the waste pond and e v a p o r a t i o n
s y s t e m , s u r f a c e water, g r o u n d w a t e r , soil and air. T h e s e
e xpo sure routes were e v a l u a t e d wi th re spec t to the f o l l o w i n g :

1) a l l f l o r a and f a u n a l i v i n g on or a d j a c e n t to
the s i t e , e i th er north or south of the Brazos
River;

2) the Brazos River and any users;
3 ) users o f a d j a c e n t p r o p e r t y ;
4) any users of the s h a l l o w g r o u n d w a t e r ; and
5) the occas ional v i s i t o r or t r e s p a s s e r on s i te .
T h o s e r e c e p t o r s w i th p o t e n t i a l f o r d irec t contact a r e

v e g e t a t i o n and animal l i f e , both w i l d and d o m e s t i c , that
p r e s e n t l y r e s i d e at the s i t e and human v i s i t o r s or
t r e s p a s s e r s . To prevent t r e s p a s s i n g or a c c i d e n t a l e x p o s u r e , a
f e n c e has been i n s t a l l e d surround ing the s i t e .

8.1.1 H u m a n R e c e p t o r s - A regional map of
communi t i e s w i t h i n a 12-mi l e radius of the s i t e is p r e s e n t e d in
F i g u r e 8-1.
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T h e 1985 e s t imated p o p u l a t i o n f o r th i s 12-ini l e
radiu s area is 1 5 , 5 2 7 , which amounts to an average of 35 p e o p l e
or 12 h o u s e h o l d s per square m i l e . T h i s is an increase of 23
percent f r o m the 1980 census. An e s t i m a t e d increase in
p o p u l a t i o n of only 14 percent is e x p e c t e d by the year 1990.
The average hous eho ld s ize , 3 p e o p l e , has remained constant and
is not e xp e c t ed to change through 1990.

Over 60% of the s u rround ing p o p u l a t i o n r e s i d e s
i n t h e c ommuni t i e s o f : H e m p s t e a d , P r a i r i e V i e w , C h a p p e l H i l l
and W a s h i n g t o n . T h e s e c ommuni t i e s are al l in excess of 8 m i l e s
f r o m the s i t e . P r a i r i e V i e w i s p r i m a r i l y a c o l l e g e communi ty
a n d , as such, its p o p u l a t i o n w i l l be in continuous change.
Other c ommuni t i e s nsar the SDS s i t e are r e l a t i v e l y s t a b l e , and
al l i n d i c a t i o n s are they w i l l remain that way.

8.1.2 F l o r a a n d F a u n a - T h e d i v e r s i t y o f e c o l o g i c a l
h a b i t a t s a t th e SDS s i t e s u p p o r t s a wide var i e ty o f p l a n t ,
a n i m a l , and bird s p e c i e s . Numerou s shore b i r d s and water f o w l
were observed on the e v a p o r a t i o n sys tem. C l a r k Lake and the
Oxbow Pond on the a d j a c e n t p r o p e r t y to the east a p p e a r to have
t h r i v i n g p o p u l a t i o n s o f f i s h , t u r t l e s , f r c g s , i n s e c t s a n d
aquat i c p l a n t s .

8 * 2 P u b l i c H e a l t h Concerns - T o asses s t h e p o t e n t i a l r i sk
to the p u b l i c h e a l t h , i t i s necessary to e s t i m a t e p o s s i b l e
routes o f e xpo sure . T h r e e p o t e n t i a l e xpo sure p a t h w a y s have
been i n v e s t i g a t e d f o r p o l l u t a n t s a t t h e SDS s i te. T h e s e are:
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• i n g e s t i o n ;
• skin contac t; and
• inhalat ion.

Of the three p o t e n t i a l exposure p a t h w a y s , o n l y
i n g e s t i o n could be o f p u b l i c h e a l t h s i g n i f i c a n c e . S k i n contact
with c on tamina t ed m a t e r i a l s is l i m i t e d to the s i t e and is,
t h e r e f o r e , no t a p u b l i c h e a l t h concern. I n h a l a t i o n o f
c o n t a m i n a n t s i s not a p u b l i c h e a l t h concern. Air m o n i t o r i n g
r e s u l t s show c o n t a m i n a t i o n l e v e l s o f hazardou s subs tance
c o m p o u n d s are not above background l e v e l s d u r i n g average annual
ambient condi t i on s . The p o t e n t i a l f o r contaminant i n g e s t i o n
can be f u r t h e r subdivided into the ca t egor i e s of groundwater ,
s u r f a c e water , and f o o d chain.

8.2.1 G r o u n d w a t e r - G r o u n d w a t e r is the m a j o r source
o f water f o r m u n i c i p a l , i n d u s t r i a l , d o m e s t i c , a n d i r r i g a t i o n
us e in W a l l e r C o u n t y . T h o s e water w e l l s w i t h i n a t h r e e - m i l e
r a d i u s o f the s i t e have been i d e n t i f i e d and l o c a t e d on T a b l e
4-1 and F i g u r e 4-1, r e s p e c t i v e l y . The m a j o r i t y o f these w e l l s
are i d e n t i f i e d for domes t i c use.

Groundwater q u a l i t y w i l l be discussed in the
G r o u n d w a t e r M i g r a t i o n Management RI Report .

8 . 2 . 2 S u r f a c e W a t e r - T h e northern boundary o f t h e
S h e r i d a n p r o p e r t y borders the Brazos River at an a p p r o x i m a t e
e l e v a t i o n o f 1 7 2 f e e t M S L . T h e land s u r f a c e s l o p e s away f r o m
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the river. G e n e r a l l y , the s tormwater f l o w t r a v e l s south and
then west to the main d r a i n a g e d i t c h l e a d i n g to Donahoe Creek.
Donahoe Creek u l t i m a t e l y d i s c h a r g e s into the Brazos River
a p p r o x i m a t e l y one m i l e southwest o f the S h e r i d a n p r o p e r t y .

The man-made C l a r K Lake is located across the
central por t i on of the S h e r i d a n p r o p e r t y and wi thin the normal
storiawater d r a i n a g e f l o w . T h Q nearby d iked e v a p o r a t i o n s y s t e m
does not d i s c h a r g e any water to C l a r k Lake.

Resource E n g i n e e r i n g a l s o t e s t ed the water in
C l a r k Lake f o r p r i o r i t y p o l l u t a n t s d u r i n g a n aquat i c b i o l o g y
survey in S e p t e m b e r , 1984. No p r i o r i t y p o l l u t a n t organic
compounds were de t e c t ed in the lake water.

T h e T e x a s W a t e r C o m m i s s i o n ( T W C ) h a s
c l a s s i f i e d the segment o f the Brazos River b o r d e r i n g the
S h e r i d a n p r o p e r t y a s e f f l u e n t l i m i t e d . I t s uses i n c l u d e
contact and non-contact recreation, p r o p a g a t i o n of f i s h and
w i l d l i f e , i rr iga t i on , and dome s t i c raw water s u p p l y . The
c l o s e s t downs t r eam s u r f a c e water permit f o r d r i n k i n g water ,
a c c o r d i n g to the Brazos River A u t h o r i t y , is l o c a t e d in
F r e e p o r t , T e x a s a p p r o x i m a t e l y 1 2 0 river m i l e s f r o m t h e S D S s i t e .

S i n c e the s ha l l ow a q u i f e r is in h y d r a u l i c
connection with the Brazos River, ups tream and downstream water
s a m p l e s were c o l l e c t e d and a n a l y z e d for p r i o r i t y p o l l u t a n t s on
A p r i l 2 6 , 1984. T h e r e s u l t s o f t h i s s a m p l i n g i n d i c a t e that t h e
d i s charge of the s h a l l o w a q u i f e r to the Brazos has not i m p a c t e d
the water q u a l i t y of the river.
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8.2.3 F o o d Cha i n C o n t a m i n a t i o n - The land use of the
area d i r e c t l y surrounding the SDS site i s a g r i c u l t u r a l ,
i n c l u d i n g pasture and rangeland. A p p r o x i m a t e l y 50 to 60 c a t t l e
graze on the land around the site.

I n J a n u a r y * 1986, a c a t t l e b i o l o g i c a l s a m p l i n g
program was undertaken on a representative cross-section of the
herd with respect to age and sex. The t e s t s involved tak ing
t i s su e s a m p l e f r o m the c a t t l e to assess the b i o a c c u m u l a t i o n o f
any s i g n i f i c a n t l e v e l s o f or PCBs are b l ood s a m p l i n g for l e a d .

The s a m p l e s were sent to the T e x a s Ve t e r inary
M e d i c a l Diagno s t i c Laboratory f o r a n a l y s i s . N o lead w a s
d e t e c t e d in the c a t t l e b l o o d . The fa t s a m p l e s were scanned by
a gas chromatograph (GC) for P C B s . No PCBs were d e t e c t e d in
the c a t t l e in the fat t i s sues. The GC scan did i n c i d e n t a l l y
d e t e c t minute q u a n t i t i e s o f DDE in f o u r s a m p l e s which were al l
le s s than 0.5 p p m . DDE is a m e t a b o l i t e of D O T . It is
su spec t ed that DOT was introduced through h i s tor i c a g r i c u l t u r a l
use at th i s s i te . The USDA a c c e p t a b l e r e s i due of DOT and
m e t a b o l i t e s in c a t t l e fat is 5 ppm. T a b l e 1 summarizes all
a n a l y t i c a l r e su l t s . The DDE re su l t s are f u r t h e r d e f i n e d in
T a b l e 2 .

O
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8.3 Environmental I m p a c t
3.3.1 S u r f a c e . W a t e r - It was p r e v i o u s l y c onc luded

that the q u a l i t y of the Brazos River water is not i m p a c t e d by
the SDS site. The TDWR sampled the river for damage to aquatic
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l i f e both on March 9, 1972 and May 19, 1977. S a m p l e s were
c o l l e c t e d f r o m three s ta t i ons that were loca t ed 3 mi l e s
u p s t r e a m , 100 meters downstream, and 1 mile downstream af the
site. T h i s s tudy concluded that there was no noticeable impact
on the aquatic l i f e of the 0ra,zos RiyexAue ,to_ the SDS site.

A 100-year f l o o d event would inundate the
evapora t ive sys tem. T h e environmental i m p a c t s o f p o t e n t i a l l y
c on tamina t ed s tormwater r u n o f f wou ld be e x p e c t e d to be m i n i m a l
c o n s i d e r i n g d i l u t i o n e f f e c t s .

8.3.2 F l o r a and F a u n a - The d i v e r s i t y o f p l a n t and
animal l i f e as we l l as e c o l o g i c a l h a b i t a t s at and a j o i n i n g the
SDS s i t e i s h igh. Over 90 woody and herbaceous va s cu lar p l a n t s
were recorded. S o m e 73 s p e c i e s of b i r d s and 12 s p e c i e s of
mammals were a l s o i d e n t i f i e d .

The pond has evidence of abundant f l o r a l and
f a u n a sp e c i e s , down to the w a t e r ' s edge. As discussed in
C h a p t e r 7 and A p p e n d i c e s 7A and 7B, the pond does not appear to
c on tr i bu t e any s tre s s to the environment. The pond would on ly
p r e s e n t a threat to the animal community through d i r e c t
contac t . Bird s who land in the pond could be i n j u r e d or k i l l e d
by th e p a t c h e s o f f l o a t i n g o i l .

The water q u a l i t y o f C l a r k Lake wa s under
i n v e s t i g a t i o n by the TDWR in M a r c h , 1978 a f t e r a f i s h k i l l in
the lake . The i n v e s t i g a t i o n d e t e rmined that the p r o b a b l e cause
was anaerobic c ond i t i on s r e s u l t i n g f r o m an o v e r f l o w of
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T a b l e
Catt l e Blood S a m p l i n g

8 — 1A

Analyt i ca l Results
(REI Data January, 1986)

Blood LeadS a m p l e Animal ( p p f l i )
CA1 <0.2
*CA2 <0.2

CA3 <0.2
CA4 <0.2
CA5 <0.2
CA6 <0.2
CA7 <0,2
CA8 <0.2
CA9 <0,2
CA10 <0.2
CA11 <0.2
CA12 <0.2
CA13 <0.2
Blank Fat T i s s u e

* R e p l i c a t e fat tissue sample s were
NO - Not detected
- Not Analyzed

8 - 9

Fat PCBs_ (ppm)_ .
*.

N D , N D ( « K 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N 0 ( < 0 . 1 )
N D ( < 0 . 1 )

N D ( < 0 . 1 )
N D ( < 0 . 1 )

analyzed f o r

Dcemm***"

DDEJ P P M ,

0.27, 0.24
N D ( < 0 . 1 )
N D ( < 0 . 1 )
N D ( < 0 . 1 )
0.28
N D ( < 0 . 1 J
N D ( < 0 . 1 )
N D ( < 0 . 1 )
0.37
0.55

N D ( < 0 . 1 )
N D ( < 0 . 1 )

C A 2 .
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T a b l e 8*2
Summary of DOB Residue Levels

in Cat t l e Fat Tissue
(REX Data January 1986)

C a t t l e
Bull 2 yr.d u p l i c a t e

C a l f 6 mo.

C a l f 6 mo.
Cow 2 yr.

PJ U S D A A c c e p t a b l e
P . P E _ L g y j | l s _ ( P P M )

.27.24

.28

.37

.55
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wastewater f r o m the evaporation system. In S e p t e m b e r , 1984 an
aquatic b io logy survey was conducted on Clark Lake by Resource
Engineering* The results of the survey were submitted to the
EPA in October, 1984 in a report e n t i t l e d "Aquatic Survey of
C l a r k Lake at S h e r i d a n D i s p o s a l Service ."

The lake s u p p o r t s benthic, nektonic, and amphibious
species which sugges t s a balanced, aquatic ecosystem. Grass
shrimp is a specie s which is sensitive to the presence of
organic contaminat ion. A number of these shrimp was c o l l e c t e d
dur ing the 1984 survey. The presence of mature grass shr imp
i n d i c a t e s that the lake does not have any tox i c organic
contaminat ion f r o m the SDS site. Dis so lved oxygen
measurements were also taken at that time f r o m 10 s a m p l e
l o ca t i on s around the lake. All measurements were above the
minimum level of D.O. necessary to s u p p o r t a diverse e c o sy s t em
( i . e . , 2 . 0 m g / 1 ) .

8.3.3 C o n c l u s i o n s
• SOS oral t o x i c i t y t e s t s sugge s t s the

s l u d g e s are at worst only s l i g h t l y toxic based on
LD50 s t ud i e s e f f e c t s . Chronic and p o t e n t i a l
car c inogen i c l ong- t erm e f f e c t s w i l l b e d i s c u s s e d in
the Endangerment Asse s sment .

* Air monitoring has shown no
concentrations of RCRA H a z a r d o u s Subs tance List
organic compounds above normal background l ev e l s at
average annual ambient c o n d i t i o n s .
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• No permanent residences are located
within one mile from the s i te; a very low p o p u l a t i o n
den s i ty exi s t s in the general area. However, a site
caretaker resides 2000 ft southeast of the pond in a
mob i l e home. .,.;;„._• : -.___. _.. •• • 11" "

• There is no direct di scharge of
contaminated sur fac e water f rom this site under
average ambient site weather condi t ions .

• Brazos River water analys i s has shown no
contamination a t t r i bu tab l e to the SDS site.

• C a t t l e t i s sue and b lood analy s i s s ugge s t s
no contaminants f r o m this site in the f o o d chain.

• A d i v e r s i t y of p l a n t and animal l i f e are
present at the site.

• A d e t a i l e d a n a l y s i s of C l a r k Lake shows a
normal, thr iv ing , aquatic ecosystem ( A p p e n d i x 7 C ) .
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T D W R a n d i t s predec e s s or a g e n c y ' s interact ions inc luded t h e
approva l f or d i s p o s a l o f a d d i t i o n a l waste s treams, s i te
i n s p e c t i o n s , and d e s i g n ass i s tance in the deve lopment of the
evaporat ion system

9*1.1 N e a r _ Future I m p a c t s - A recent ecological
survey of the site ind i ca t ed no e x i s t i n g d e t r i m e n t a l e f f e c t s on
the f l o r a and f a u n a f r o m the presence o f hazardous cons t i tuent s
at the site. The only e x c e p t i o n could be to water f o w l f r o m
direc t contact wi th f l o a t i n g o i l s on the pond ( C h a p t e r 7 . 0 ) .

A Groundwater M i g r a t i o n Management Remedial
I n v e s t i g a t i o n Report w i l l addre s s the p o t e n t i a l i m p a c t s on
local d r i n k i n g water s u p p l i e s , the water t a b l e a q u i f e r and the
f i r s t c o n f i n e d a q u i f e r ( C h a p t e r 4 , 0 ) .

P r e l i m i n a r y e v a l u a t i o n s of recent air
inve s t iga t ions b y t h e E P A ' s Emergency Response Team a n d
Resource E n g i n e e r i n g i n d i c a t e that the site does not
s i g n i f i c a n t l y impact local a i r q u a l i t y ( C h a p t e r 6 . 0 ) . T h i s
w i l l be f u r t h e r evaluated in the Endangerment A s s e s s m e n t ,
A l s o , t h e f e a s i b i l i t y s tudy w i l l addre s s t h e i m p a c t s o f
di s turb ing the s l u d g e during interim response actions.

I f l e f t unmanaged , t h e most s i g n i f i c a n t near
f u t u r e impact i s th e p o t e n t i a l f or o v e r f l o w o f contaminated
stormwater f r o m the pond into C l a r k Lake and the Brazos River.
As d i s cu s s ed in C h a p t e r 5.0, stormwater accumulat ion could
result in dike over t opp ing within 3 to 5 years, if not
managed. Release s could impact local aquatic hab i ta t s .

CM
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9 . 0 S U M M A R Y O F I N V E S T I G A T I O N S
9.1 S i t e Background - The S h e r i d a n D i s p o s a l Serv i c e s

( S D S ) s i t e i s l o c a t e d a p p r o x i m a t e l y 9 m i l e s north-northwes t o f
H e m p s t e a d , in W a l l e r County, T e x a s . SDS began operat ions as an
i n d u s t r i a l waste d i s p o s a l f a c i l i t y in th e l a t e 1950s.

At pre s en t , the s i te inc lude s a 42-acre land
i r r i g a t i o n / e v a p o r a t i o n s y s t e m , and a pond and levee wi th a
t o ta l s u r f a c e area of 30 acres. The pond has a water s u r f a c e
area that has ranged f r o m 12 to 22 acres d e p e n d i n g on the water
l e v e l . The l e v e e / d i k e around the pond has a s u r f a c e area o f
a p p r o x i m a t e l y 17 acres i n c l u d i n g p o r t i o n s of the pond which
have p r e v i o u s l y been c l o s e d . An i n c i n e r a t o r / e v a p o r a t o r and a
b a t t e r y of 9 s t o rage tanks are l o c a t e d on the pond levee. The
tanks were used for s e p a r a t i o n and treatment o f o i l / w a t e r
e m u l s i o n s and s t orage o f s o l v e n t s and f u e l o i l s .

T h e f a c i l i t y • s waste management o p e r a t i o n s i n c l u d e d
open p i t burn ing , i n c i n e r a t i o n , s u r f a c e impoundment d i s p o s a l ,
and l a n d i r r i g a t i o n / e v a p o r a t i o n o f pond s tormwater s .

T h e s i t e ' s r e g u l a t o r y h i s t o r y d a t e s back t o M a r c h o f
1963 when a was te d i s p o s a l permi t was received f r o m the T e x a s
W a t e r P o l l u t i o n Contro l Board. I n M a y o f 1975 , S h e r i d a n
D i s p o s a l S e r v i c e s received an o p e r a t i n g permit f or a l i q u i d
waste burner system. The extensive r egu la t ory agency
i n t e r a c t i o n w i th was te management o p e r a t i o n s at the s i t e is
documented in the site t i m e l i n e , T a b l e 1-1, in C h a p t e r 1.

o
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9.1.2 S i t e I n v e s t i g a t i o n S u m m a r y S i t e
i n v e s t i g a t i o n s were conducted by the S t a t e o f T e x a s r e g u l a t o r y
agenc i e s . T h e s e i n v e s t i g a t i o n s cons i s t ed o f i n s p e c t i o n s and
s a m p l e c o l l e c t i o n . T h e scope o f these i n v e s t i g a t i o n s increased
in the l a t e r years o f s i te o p e r a t i o n and c lo sure. In J u l y o f
1 9 8 3 , an EPA f i e l d i n v e s t i g a t i o n team conducted a s i t e survey
t o c o l l e c t background d a t a f o r e v a l u a t i n g t h e s i t e ' s
e l i g i b i l i t y f o r t h e N a t i o n a l P r i o r i t i e s Li s t under C E R C L A .

Resource E n g i n e e r i n g I n c . was r e ta ined in
F e b r u a r y o f 1984 by th e S h e r i d a n S i t e C o m m i t t e e t o p r o v i d e
t e c h n i c a l a s s i s t a n c e in d e v e l o p i n g a s i t e c losure p l a n . A
serie s o f t e c h n i c a l r e p o r t s was s ubmi t t ed to the T e x a s
D e p a r t m e n t o f W a t e r Resources and Region VI o f t h e
E n v i r o n m e n t a l P r o t e c t i o n A g e n c y . T h i s R e m e d i a l I n v e s t i g a t i o n
r epor t reviews a l l d a t a ob ta ined f r o m t h e various f i e l d
i n v e s t i g a t i o n s .

9 . 2 S i t e F e a t u r e s I n v e s t i g a t i o n s
9 . 2 , 1 D e m o g r a p h y - The m a j o r c ommuni t i e s in t h e

v i c i n i t y o f t h e SDS s i t e ar e H e m p s t e a d and P r a i r i e V i e w ,
l o c a t e d i n W a l l e r C o u n t y , a n d W a s h i n g t o n a n d C h a p p e l l H i l l ,
l o c a t e d i n W a s h i n g t o n C o u n t y . T h e 1985 e s t i m a t e d p o p u l a t i o n
for the area w i t h i n 12 m i l e s o f the SDS s i te i s 1 5 , 5 2 7 , which
amounts to an average of 35 p e o p l e or 12 h o u s e h o l d s per square
m i l e . T h i s i s an increase of 23 percent f r o m the 1980 census.

9 - 3
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Over 60% of the r e s id en t s w i t h i n the area
s t u d i e d re s ide w i t h i n the m a j o r towns and communi t i e s
d e s c r i b e d , wi th sparse r e s idence s in the l a r g e l y rural areas
c lo s e s t to the SDS s i t e .

9.2 .2 Lan_d___Use - Land use w i t h i n a f o u r - m i l e r a d i u s
o f t h e S D S s i t e i s m o s t l y a g r i c u l t u r a l — r a n g e l a n d f o r p a s t u r e ,
g r o w i n g o f l i v e s t o c k f e e d , and various truck f a r m crops . Land
not used for a g r i c u l t u r e i s l e f t a s w o o d l a n d s .

The o n l y land devot ed to r e s i d e n t i a l use
w i t h i n t h i s f o u r - m i l e rad iu s o f the s i te i s the Brown C o l l e g e
c o m m u n i t y . The remainder o f the area i s on ly s p a r s e l y
p o p u l a t e d .

9 . 2 . 3 Area Resources - The resources o f i m p o r t a n c e
in the area s u r r o u n d i n g the SDS s i t e are s u r f a c e wat er ,
g r o u n d w a t e r , s o i l , na tura l ga s , sand and grave l . The l a r g e s t
and most p r o m i n e n t body of s u r f a c e water is the Brazos River ,
which border s the SDS s i t e on the north. T h e r e are several
creeks , s m a l l l a k e s , p o n d s , and oxbow lake s w i th in a f o u r - m i l e
r a d i u s .

T h e water needs o f W a l l e r a n d W a s h i n g t o n
C o u n t i e s are s u p p l i e d by groundwa t e r coming f r o m the J a s p e r and
E v a n g e l i n e a q u i f e r s . The B u r k e v i l l e a q u i c l u d e and Brazos River
a l l u v i u m are a l s o used for l i m i t e d amounts of water.
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N a t u r a l gas and gravel are present in minor
amounts. C l o s e to the SDS s i t e are two natural gas w e l l s ; a
gravel pit i s l o ca t ed f o u r m i l e s to the east. At l e a s t two
a d d i t i o n a l natural ga s w e l l s are curr en t ly be ing c o m p l e t e d
w i t h i n a two-mi l e radius of the site.

9.2 .4 C l i m a t o l o g y - The c l i m a t o l o g y of the area i s
g e n e r a l l y m a r i t i m e w i th cool winter s and hot summers.
P r e c i p i t a t i o n i s u n i f o r m throughou t the year wi th annual
r a i n f a l l av erag ing 40 inches per year. H u m i d i t y i s r e l a t i v e l y
h i g h , r a n g i n g f r o m 60 to 90 p er c en t . On average , e v a p o r a t i o n
in the area exceeds p r e c i p i t a t i o n by 15 inches per year.
E v a p o r a t i o n e x c e ed s p r e c i p i t a t i o n in March through N o v e m b e r .

9 ' 3 H a z a r d o u s S u b s t a n c e s I n v e s t i g a t i o n - S h e r i d a n
D i s p o s a l S e r v i c e s a c c e p t e d a w id e range o f was t e s f r o m a broad
cro s s - s e c t i on o f G u l f Coas t i n d u s t r i e s . A survey o f a v a i l a b l e
records i n d i c a t e s 217 genera tor s c on tr i bu t ed waste to the s i t e ;
was t e s were s h i p p e d by 43 d i f f e r e n t t r a n s p o r t e r s . It i s
e s t i m a t e d that the t o t a l amount o f was t e s received by the SDS
s i t e exceeded 3 5 m i l l i o n g a l l o n s . T h e m a j o r was te m a n a g e m e n t
areas are the:

• d i s p o s a l p o n d ,
• d i s p o s a l pond l eve e s , and
• e v a p o r a t i o n sys t em.

r-t̂ ioo

9 - 5
RESOURCE ENGINEERING



9 - 3 . 1 D i s p o s a l Pond - The d i s p o s a l pond was the
o r i g i n a l waste management area at the SDS site. The o r i g i n a l
was t e d i s p o s a l p r a c t i c e at the s i te involved open burning of
waste s and d i s p o s a l of any ash re s idue in a smal l f a r m pond
l o c a t e d in a natural d e p r e s s i o n at the S h e r i d a n p r o p e r t y . As
the volume of wastes increased, surrounding s o i l s and....•;;•••• • ;• - •;•••;•-• ---1-1-;--| - .- "i . , „ . , . - . - . . - , . - - ..,..,-,.„-..-. -..,, , ._*_ . . , , - - - .- - .,.,-..—...-...,-. *. ,..-. ..... ... .. ...

combus t ion ash were used to construct a d ik e around the
d i s p o s a l p o n d . The pond water s u r f a c e area has ranged f r o m 12
to 22 acres d e p e n d i n g on the water l e v e l . A p p r o x i m a t e l y 5
acres of the pond in the north and 2 acres in the s ou thea s t
s e c t i on have been f i l l e d w i th c on s t ru c t i on debr i s and d i k e
a a t e r i a l . T h i s was done as part of in i t i a l closure ac t iv i t i e s
b y S D S d u r i n g 1979-1984.

T h e pond c o n t a i n s f r o m 8 5 , 0 0 0 t o 105,000 cubic
y a r d s o f o rgani c s l u d g e s which c on ta in a p p r o x i m a t e l y 50% by
w e i g h t water and v o l a t i l e o r g a n i c s ; 30% n o n v o l a t i l e o r g a n i c s ;
a n d 2 0 % i n o r g a n i c m a t e r i a l s ( T a b l e 3 - 4 ) . T h i s i n c l u d e s s l u d g e
which has s e eped into or been covered by the p o n d levee. The
p o n d s l u d g e varies i n d e p t h f r o m 4 " t o 3 ' 6 " w h i l e s l u d g e i n t h e
l evee varies f r o m 4 ' t o 6 1 based o n bor ing s . A s s u m i n g 3 f e e t
of c on taminant m i g r a t i o n into the s u b s o i l s , there i s a
p o t e n t i a l f o r a n a d d i t i o n a l 60 ,00 cubic yard s o f c o n t a m i n a t e d
s u b s o i l s b enea th th e s l u d g e . W h i l e t h e c a l c u l a t i o n s were based
on an e s t i m a t e d con taminant mic ,t ion of three f e e t , it is
p o s s i b l e that the extent of m i g r a t i o n could be greater or l e s s
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than three f e e t . The extent o f soil c o n t a m i n a t i o n w i l l be
f u r t h e r d e f i n e d i n t h e S u p p l e m e n t a l S o i l I n v e s t i g a t i o n .

The pond s l u d g e contains a wide var i e ty o f
inorgani c s a l t s a n d m e t a l l i c compounds which could a f f e c t t h e
choice o f r e m e d i a t i o n ( T a b l e s 3-2, 3 - 3 ) . T h e m a j o r p r i o r i t y
p o l l u t a n t o r g a n i c c ompounds d e t e c t e d were ( T a b l e s 3-5, 3 - 6 ) :

v o l a t i l e a r o m a t i c s
e t h y l b e n 2 e n e , and benzene?

• v o l a t i l e c h l o r i n a t e d s o l v e n t s
t e t r a c h l o r o e t h y l e n e , 1 , 1 , 1 t r i c h l o r o e t h a n e , and
t r i c h o r o e t h y l e n e ;

- p h e n o l ; 2 , 4 - d i m e t h y l p h e n o l ;

A r o c l o r 1 2 4 2 and A r o c l o r 1260.

Other organi c c ompounds d e t e c t e d i n c l u d e d € 3 a n d € 3
a l k y 1 - p h e n o l s , aromatic hydrocarbon s , M p h e n y l , aromat i c
k e t o n e s , a l k y l benzenes and aromat i c e thers.

V o l a t i l e a romat i c s repre s ent a p p r o x i m a t e l y 5 %
by w e i g h t o f the pond s l u d g e c o m p o s i t i o n . T o l u e n e i s the m a j o r
v o l a t i l e organic w i t h a concentrat ion d e t e rmina t i on to be up to
3 6 , 6 0 0 m g / k g . P o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) a r e pre sent a s
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• p o l y n u c l e a r aromat i c h y d r o c a r b o n s
i s c p h o r o n e , n a p h t h a l e n e , f l u o r e n e , p h e n a n t h r e n e a n d
anthrac ene; and

b i p h e n y l s - isomers



A r o c l o r 1242 and A r o c l o r 1260 and range in concentra t ion f r o m 0
to 223 m g / k g in the d i s p o s a l pond s l u d g e .

9 - 3 - 2 D i s p o s a l Pond Levee - The levee or d ike arcund
the p o n d has a s u r f a c e area of a p p r o x i m a t e l y 17 acres. The
levee was cons truc ted f r o m surrounding c l a y t o p s o i l s and s o l i d
waste s f r o m on*site f e r e a t l t t e B t o p e r a t i o n s . T h e s o l i d was te s
c o n s i s t e d o f d ia t omac eou s earth ash re s idues f r o m on-s i t e
i n c i n e r a t i o n and open pi t burning o p e r a t i o n s . The e l e v a t i o n at
the top o f the levee varies f r o m a p p r o x i m a t e l y 176.5 to 185
f e e t above mean sea l e v e l .

The treatment proce s s e s at the SDS s i t e are
all located on the top of the levee. The treatment unit s
i n c l u d e d a r e c e iv ing p o n d , an i n c i n e r a t o r / e v a p o r a t o r , a b o i l e r ,
and a b a t t e r y of 9 s t o rage tanks . The s t o r a g e tanks were used
f o r s e p a r a t i o n a n d t r e a t m e n t o f o i l / w a t e r e m u l s i o n s a n d s t o r a g e
o f s o l v e n t s and f u e l o i l s . A c c o r d i n g t o an a s -bu i l t s i t e p l a n
p r e p a r e d b y O ' M a l l e y a n d C l a y I n c . i n 1972 f o r S D S , t h e tanks
vary in s i z e f r o m 500 to 1000 barr e l s . The tanks c on ta in f r o m
3 to 7 cubic y a r d s each of bo t t om s l u d g e s , which a p p e a r to have
c h a r a c t e r i s t i c s s i m i l a r to the pond s l u d g e based on
ob s erva t i on s o f the tank s l u d g e s and d i s c u s s i o n s wi th Mr.
S h e r i d a n . A c o m p o s i t e s a m p l e w i l l b e t e s t e d d u r i n g p r e p a r a t i o n
o f t h e f e a s i b i l i t y s t u d y .

The levee sys t em has a volume of a p p r o x i m a t e l y
1 6 5 , 0 0 0 cubic yard s . A d d i t i o n a l f i e l d i n v e s t i g a t i o n s a r e
p l a n n e d to charac t er iz e the extent of c on taminat i on in the
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levee system. Cone p ene trome t er s ounding s and borings in the
levee indicate that the heavy s l u d g e layer extends into
a p p r o x i m a t e l y 30% of the levee system and is up to 4 to 6 f e e t
t h i c k in s ec t ions . H i s t o r i c a l records show that steel drums
were p l a c e d w i t h i n the north and west s ec t ions of the pond
levee. E m p t y drums are v i s i b l e in the levee m a t e r i a l
throughout th$ north and west sections,

A s l o p e s t a b i l i t y a n a l y s i s o f the levee i s
p r e s e n t e d i n A p p e n d i x 5 D ; i t i n d i c a t e s adequat e s a f e t y f a c t o r s
ex i s t for the current s tructure.

9.3 .3 E v a p o r a t i o n S y s t e m - The e v a p o r a t i o n sys t em i s
a 42-acre system of impoundment c e l l s conceived as an
" e v a p o r a t i o n / r a p i d i n f i l t r a t i o n method o f f l o o d i rr iga t i on" f o r
t r ea tmen t o f pond wa s t ewa t er s . F r o m 1976 through 1 9 8 4 , more
than 40 m i l l i o n g a l l o n s o f l a g o o n was t ewat er were t r ea t ed in
the e v a p o r a t i o n sys t em based on TDWR records.

The pr imary p r i o r i t y p o l l u t a n t s in the pond
was tewater were determined in a J u n e , 1984 a n a l y s i s by GC/MS to
be:

• pheno l ( 3 . 5 5 m g / 1 ) ,
• t r i c h l o r o e t h y l e n e ( 2 . 9 1 0 m g / 1 ) ,
• t o l u e n e ( 1 . 6 1 m g / 1 ) , a n d
f t e t r a c h l o r o e t h y l e n e ( 0 . 5 1 m g / 1 ) .
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A n a l y s e s by ths TDWR and Resource E n g i n e e r i n g
i n d i c a t e the organic compounds and heavy ar e ta l s of the pond
was t ewater g e n e r a l l y decreased in concentra t ion with
p r o g r e s s i o n through t h e e v a p o r a t i o n system c e l l s ( T a b l e 3 -11) .
Phenol and t o l u e n e are r e a d i l y b i o d e g r a d e d ( T a b l e 3 - 2 4 ) and
t o l u e n e , t r i c h l o r o e t h y l e n e and e t h y l b e n z e n e ar e h i g h l y v o l a t i l e
f r o m s o i l s ( T a b l e s 3-20, 3-22 , 3 - 2 3 ) . T o da t e p r i o r i t y
p o l l u t a n t o r g a n i c s f o u n d in the e v a p o r a t i o n sy s t em were o n l y in
areas o f s u r f a c e s l u d g e c o n t a m i n a t i o n , i i d i n c l u d e d : p h e n o l ,
e t h y l b e n z e n e , t o l u e n e , b enzene , 2 - 4 - d i m e t h y p h e n o l ,
t e t r a c h l o r o e t h y l e n e , a n d N - n i t r o s o d i p h e n y l a m i n e . A d d i t i o n a l
s a m p l i n g of the e v a p o r a t i v e system i s p l a n n e d as part o f the
S u p p l e m e n t a l S o i l I n v e s t i g a t i o n s .

T a b l e 3-19 compares heavy metal concentration
range s f o u n d in the e v a p o r a t i o n sy s t em to s i t e b a c k g r o u n d ;
common background ranges f o u n d in US s o i l s ; exce s s ive
p h y t o t o x i c l e v e l s ; and EPA maximum metal c onc en tra t i on s f or in
p l a c e c l o sur e o f h a z a r d o u s waste land treatment uni t s . T h e
u p p e r l i m i t o f heavy metal va lue s were al l f r o m a worst case
s l u d g e s a m p l e l o c a t e d in th e i n l e t c e l l o f t h e e v a p o r a t i o n
s y s t e m . The i n l e t c e l l of the e v a p o r a t i o n sys t em was an
a n o m a l y since the maximum metal c o n c e n t r a t i o n s f o u n d in the
o ther c e l l s were:
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H a a v y J f e t a l R e n g r i i a l _ O u i K j f c g i i U d t i o n J g y e l g

EvaporationSystem Range
PreliminarysiteBackground

Common ERA Maximum Metal ConcentrationsBackground Efrytotoxic For In-Place Closure ofRange1 levels 2 Hazardous Waste land Treatment Unit1

Chromium
lead
Nickel
Zir>c

<1.4 - 204 12.1 ± 19.9
5 - 691 7.3 ± 18.5

<1.4 - 44 15.7 ± 24.5
22 - 1260 30.8 ± 44.6

1
2
5

10

1,000
200
500
300

75 - 100
100 - 400

100
70 - 400

1,000
1,000

100
500

Source: DSEPA, O f f i c e of S o l i d Waste area En&srgency Response, Hazardous Waste land Treatment,
SW-874, April 1983
Source: Pendias, A.K, and Pandias S.H. 1984. Trace Elements in S o i l s and Plants , CSC Press.— — — — — . — — — — — — — — — — — — — — — .

0 0 3 7 2 2



Chromium 56 m g / k g
Lead 188 m g / k g
N i c k e l 44 m g / k g
Z i n c 145 m g / k g

A d d i t i o n a l soil s a m p l i n g i s p l a n n e d t o f u r t h e r
charac t e r i z e the e v a p o r a t i o n sys tem.

Overal l soil c o n d i t i o n s at the s i t e do not
f a v o r the m o b i l i t y o f heavy m e t a l s . Because o f the c l a y
t h i c k n e s s in aqui tard l a y e r s , heavy metal m i g r a t i o n to
g r o u n d w a t e r is not l i k e l y . T h i s w i l l be f u r t h e r addre s s ed in
t h e G r o u n d w a t e r M i g r a t i o n Management R . I .

CM
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9 . 4 H y d r o g e o l o g i c R e g i m e a n d S o i l s
9 - 4 . 1 G e o l o g y - The SDS s i t e i s l o c a t e d in the

Brazos River d r a i n a g e basin. The basin is a f l u v i a l sys tem
which c o n s i s t s o f i n t e r b e d d e d sand, s i l t , and c l a y . T h e r e ar e
seven s e d i m e n t a r y u n i t s in the area. T h e y are, f r o m o l d e s t to
y o u n g e s t : F l e m i n g F o r m a t i o n , G o l i a d S a n d , W i l l i s S a n d , B e n t l e y
F o r m a t i on, M o n t g o m e r y F o r m a t i o n , Beaumont C l a y , a n d recent
a l l u v i u m of the Brazos River.

The ent ire SDS s i t e i s l o c a t e d on the
f l o c d p l a i n a l l u v i u m o f t h e Brazos River. T a e s t r a t i g r a p h y o f
t h e s i t e i s t y p i c a l o f a l l u v i a l d e p o s i t s , c o n s i s t i n g o f s a n d s ,
s i l t s and c l a y . T h e s e are i n t e r b e d d e d and graded l a t e r a l l y and
v e r t i c a l l y into f i n e r and coarser mater ial .

- 12
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In g e n e r a l , there are f i v e s t ra ta at the s i t e
d e s i g n a t e d A, B, c, D, and E. T h e s e s trata are shown in
C h a p t e r 4, F i g u r e 4-4. S t r a t u m A, the u p p e r 40 f e e t , c o n s i s t s
of i n t e r b e d d e d sand, s i l t and clay.. . . T h e eastern part of the
s i t e is s i t u a t e d on a s i l t y c l a y a p p r o x i m a t e l y 30 f e e t th i ck .
T h i s s i l t y c l a y p i n c h e s ou t and grade s into a s i l t y sand
towards the west. The s i l t y sand covers the western part of
the s i t e and ranges in th i ckne s s f r o m 20 to 40 f e e t .

S t r a t u m B is a f i n e - to m e d i u m - g r a i n e d sand
that contains thin s i l t and c lay seams. T h i s layer is
a p p r o x i m a t e l y 40 f e e t b e l o w grade and an average of 15 f e e t
t h i ck . Grave l is i n t e r b e d d e d w i t h i n the sand in the lower part
of the sequence.

S t r a t u m C is a dense c l a y l a y e r that is
a p p r o x i m a t e l y 55 f e e t b e l ow g r a d e , and averages 25 f e e t t h i ck .
T h e c l a y becomes somewhat s a n d i e r with d e p t h .

S t r a t u m D is f i n e - to med ium-gra ined sand is
a p p r o x i m a t e l y 90 f e e t b e l ow grade . The sand averages 10 to 12
f e e t t h i c k . S t r a t u m D is c o n f i n e d by S t r a t u m c.

S t r a t u m E is a dense c l ay layer a p p r o x i m a t e l y
100 f e e t b e l o w g r a d e . T h i s l a y e r i s t h e d e e p e s t g e o l o g i c unit
i n v e s t i g a t e d at the s i t e .

9.4.2 S i t e H y d r o l o g y - T h e r e are two a q u i f e r s
pr e s en t w i t h i n the u p p e r 100 f e e t a t the SDS s i t e — a water
t a b l e a q u i f e r ( S t r a t u m A and B) and a c o n f i n e d a q u i f e r ( S t r a t u m
D) , The water t ab l e a q u i f e r i s the f i r s t a q u i f e r encountered
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be low grade . It c on s i s t s o f t h e u p p e r 55 f e e t o f s and s , s i l t s ,
and c l a y * The c o n f i n e d a q u i f e r is 80 f e e t be low grade and is
s e p a r a t e d f r o m the water t a b l e a q u i f e r by a 25 to 3 0 - f o o t t h i c k
c l a y s t ra tum ( S t r a t u m C ) .

S e v e n t e e n monitor w e l l s were i n s t a l l e d in the
water t a b l e a q u i f e r dur ing the pa s t 14 years by various s t a t e
r e g u l a t o r y agencies and consul tant s . one pump test well and
f o u r p i e z o m e t e r s were r e c e n t l y i n s t a l l e d t o d e t e rmine the
h y d r o l o g i c charac t er i s t i c s o f the water tab l e a q u i f e r .

T h e t r a n s x n i s s i v i t y a n d p e r m e a b i l i t y o f t h e
water t a b l e a q u i f e r were f o u n d to be 4.0 x 103 g p d / f t and 7.9 x
10~ 3 c m / s e c t r e s p e c t i v e l y .

The p e r m e a b i l i t y value s are w i t h i n the range
o f p u b l i s h e d v a l u e s f o r a s i l t y sand. Because o f t h i s
r e l a t i v e l y l o w p e r m e a b i l i t y , however, t h e water t a b l e a q u i f e r
w o u l d be m a r g i n a l as a source for d o m e s t i c water use.

G r o u n d w a t e r f l o w in the water t a b l e a q u i f e r a t
the s i t e i s g e n e r a l l y northwes t t oward s and into the Brazos
R i v e r , H o w e v e r , t h e d i r e c t i o n o f g r o u n d w a t e r f l o w i s d e p e n d e n t
upon the s t a g e o f the river.

D a r i n g h i g h river s t a g e , t h e g r o u n d w a t e r w i l l
t e m p o r a r i l y f l o w f r o m the river into th e a l l u v i u m . A l s o under
the s e c o n d i t i o n s the d i r e c t i o n oi" the groundwat er is to the
west. T h e s e condi t ions are t emporary; when the river stage
returns to n o r m a l , groundwat er w i l l again d i s c h a r g e into the
river.
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Groundwater v e l o c i t i e s in the water tab l e vary
during the year. V e l o c i t i e s range f r o m 57 to 157 f t / y r , based
on recent water level measuremert.

U n d e r l y i n g the water tab l e a q u i f e r is thei r - l - : ] " ! - : ' ^ " " — — • - - - - • ' • ' " T " 1 " " . •

c o n f i n e d a q u i f e r . A p u m p test was conduc t ed on th i s s tratum
us ing a p u m p test wel l and f o u r p i e z o m e t e r s to de t ermine the
a q u i f e r ' s h y d r o l o g i c charac t e r i s t i c s . T h e t r a n s m i s s i v i t y ,
p e r m e a b i l i t y and s t o r a g e c o e f f i c i e n t are 1.4 x 10 3 g p d / f t , 5 .8
x 10~3 c m / s e c and 7.6 x 10~4, r e s p e c t i v e l y .

The p e r m e a b i l i t y va lue i s w i t h i n the range o f
p u b l i s h e d p e r m e a b i l i t i e s f o r a f i n e - t o medium-grained sand.
The a q u i f e r cou ld su s ta in a d o m e s t i c water w e l l , but may not
s u s t a i n a l ow p r o d u c i n g i r r i g a t i o n w e l l . It could no t s u s t a i n
a m u n i c i p a l p r o d u c t i o n w e l l .

G r o u n d w a t e r f l o w i n t h e c o n f i n e d a q u i f e r i s
m o s t l y w e s t e r l y . During p e r i o d s o f l ow s t a g e in the river,
g r o u n d w a t e r f l o w in the c o n f i n e d a q u i f e r i s t oward s the river
and i t s p i e z o m e t r i c p o t e n t i a l i s greater than the e l e v a t i o n of
t h e water t a b l e a q u i f e r . H o w e v e r , d u r i n g h i g h river s t a g e , t h e
groundwater f l o w d ir e c t i on i s we s t e r ly . The groundwater
e l e v a t i o n of the water t a b l e a q u i f e r is then higher than the
p i e z o m e t r i c p o t e n t i a l o f t h e c o n f i n e d a q u i f e r .

Groundwater v e l o c i t i e s o f th e c o n f i n e d a q u i f e r
are r e l a t i v e l y s low, three to seven f t / y r . T h i s is because of
the r e l a t i v e l y level p i e z o m e t r i c p o t e n t i a l s u r f a c e o f the
a q u i f e r .
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There is the po t en t ia l for a hydrau l i c
connect ion between the water t a b l e a q u i f e r ( S t r a t u m B) an^ the
f i r s t c o n f i n e d a q u i f e r (s tra tum D) it the SDS site. However,
the r e a l i z a t i o n of th i s connection is u n l i k e l y in view of the
p r e d o m i n a n t l y upward gradi en t f r o m th e c o n f i n e d a q u i f e r .

9.4.3 W a t e r Q u a l i t y - Groundwater q u a l i t y w i l l be
d i s c u s s e d in the S u p p l e m e n t a l H y d r o g e o l o g i c RI repor t .

9.4.4 S o i l s - The SDS site is l o ca t ed on s o i l s of
t h e B r a z o r i a - N o r w o o d A s s o c i a t i o n . T h i s a s s o c i a t i o n c o n s i s t s o f
s o i l s on broad f l o o d p l a i n s a l o n g the Brazos River. The s u r f a c e
s o i l s are level to g e n t l y s l o p i n g , somewhat p o o r l y drained to
w e l l d r a i n e d , and c l a y e y to l oamy. T h e s e s o i l s are cons idered
to have h igh p o t e n t i a l for crop and pasture produc t i on .

9 . 5 S u r f a c e W a t e r I n v e s t i g a t i o n s
9.5.1 Brazos River - The Brazos River is the

d o m i n a n t water f e a t u r e in the area. The Brazos River borders
the SDS site to the north and is l e s s than 200 f e e t f r o m the
pond . The Brazos River f l o w i s h i g h l y variable and ranges f r o m
137 to 143 ,000 cubic f e e t per second d e p e n d i n g upon l o c a l and
ups tr eam r a i n f a l l .

River water s a m p l i n g i n d i c a t e s the s i t e has no
current impac t on s u r f a c e water q u a l i t y of the Brazos River
( T a b l e 5 - 2 ) .

9 . 5 . 2 C l a r k Lake - C l a r k Lake i s a series of three
s h a l l o w p o n d s formed by two man-made, earthen dams in a natural
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drainage channel. The pond system impounds a p p r o x i m a t e l y 60
a cr e- f t of water and is l o ca t ed south of the d i s p o s a l pond and
the evapora t i on sys tem at the SDS ( F i g u r e 5 - 3 ) .

A, f i s h k i l l , occ.urrect in Clark Lake during
M a r c h , 1978. I n v e s t i g a t i o n s by the T e x a s Depar tment o f W a t e r
Resources d e t e rmined that the p r o b a b l e cause was anaerobic
c o n d i t i o n s caused by an o v e r f l o w of was t ewater f r o m a damaged
c e l l in the evaporation system.

An aquat i c b io ta survey of the C l a r k Lake
sy s t em conduc t ed by Resource E n g i n e e r i n g , I n c . in S e p t e m b e r ,
1984 i n d i c a t e d an active and diverse aquatic e co sys t em.
S e d i m e n t s a m p l e s o f C l a r k Lake were obtained by Resource
E n g i n e e r i n g , I n c . a n d a n a l y z e d b y G C / M S f o r p r i o r i t y p o l l u t a n t s
( T a b l e 5 - 2 ) . N o adverse i m p a c t s f r o m t h e 1978 s p i l l remain.

9 . 5 . 3 S u r f a c e H y d r o l o g y - T h e 100-year f l o o d p l a i n
l eve l is 175 f e e t above mean sea l e v e l , a c cord ing to a recent
C o r p s o f E n g i n e e r s s t u d y ( A p p e n d i x 5 B ) . T h e pond l evee i s
176.5 f e e t above MSL a t i t s l owe s t po int a n d , t h e r e f o r e , a b l e
to w i th s tand a 100-year f l o o d event. S t o r m w a t e r r u n o f f
c a l c u l a t i o n s for the s i t e are pr e s en t ed in S e c t i o n 5 .3 .3 and
i l l u s t r a t e d i n F i g u r e 5.5.

The 100 year f l o o d event wou ld i n u n d a t e the
e v a p o r a t i v e sy s t em. T h e environmental i m p a c t s o f t h e
p o t e n t i a l l y c o n t a m i n a t e d s tormwater r u n o f f would b e e x p e c t e d t o
b e minimal c o n s i d e r i n g d i l u t i o n e f f e c t s .
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I f l e f t u n m a n a g e d , t h e pond w i l l ac cumulat e
stormwater at an approx imat e rate of 6.8 m i l l i o n g a l l o n s per
year. Based on this datum and pond dimensions f r o m an aerial
survey of the s i te ( F i g u r e 5 - 5 ) , the pond can be e x p e c t e d to
store a l l p r e c i p i t a t i o n f a l l i n g w i th in th e d ik e s f or 3 t o 5
years f r o m th e d a t e o f th i s survey ( J u l y , 1 9 8 4 ) i f no in t er im
s tormwater management act ions are taken.

9.6 Air I n v e s t i g a t i o n s - The f o l l o w i n g c onc lu s i on s can be
made of ambient air q u a l i t y at the S h e r i d a n D i s p o s a l s i t e based
on i n d e p e n d e n t s a m p l i n g and a n a l y s i s by Resource E n g i n e e r i n g ,
I n c . a n d t h e E P A ' s Emergency Response T e a m i n March, 1986:

• The s i t e has no d e t e c t a b l e v o l a t i l e emi s s i on s
o f p o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) based o n d e t e c t i o n
l i m i t s o f 0.003 m g / m 3 a t average a n n u a l , ambient weather
c o n d i t i o n s .

• The s i t e has no d e t e c t a b l e emi s s i ons of
v o l a t i l e RCRA H a z a r d o u s S u b s t a n c e T . 1s t organic c o m p o u n d s
above background l e v e l s or l i s t e d RCRA hazardou s
substances dur ing average annual ambient weather
c o n d i t i o n s .

9.7 B i o t a _ I n v e s t i g a t i o n s - An ex t en s iv e e c o l o g i c a l survey
o f t h e S h e r i d a n D i s p o s a l S e r v i c e s ( S D S ) s i t e w a s c onduc t ed i n
J a n u a r y , F e b r u a r y , and J u n e 1986. The c onc lu s i on s o f th e
survey were;
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• No s tress on the surrounding p l a n t and animal
communit i e s was a t t r i b u t a b l e to the m a t e r i a l s in the diked
d i s p o s a l p o n d . A n abundance o f f l o r a l a/i-.l f a u n a l s p e c i e s
occurs on the d i k e , even down to the edge of the water.
No d i f f e r e n c e s in p l a n t growth were f o u n d in the d i r e c t i o n
of the f l o w o f s h a l l o w groundwater toward the Brazos River
nor in any other d i r e c t i o n . T h e r e is no r u n o f f toward
C l a r k Lake f r o m t h e d i s p o s a l pond ( F i g u r e 7 - 5 ) .

9 D i v e r s i t y of e c o l o g i c a l h a b i t a t s at the s i t e
i s h i g h , w i t h an a t t e n d a n t d i v e r s i t y o f p l a n t s p e c i e s .
D i v e r s i t y o f animal s p e c i e s i s c o r r e s p o n d i n g l y h i g h wi th
t o t a l numbers as l a r g e or l a r g e r than would be e x p e c t e d ,

• Bird s are p a r t i c u l a r l y a b u n d a n t , both w i t h
regard to s p e c i e s and to i n d i v i d u a l numbers.

• C o n s t r u c t i o n o f a d iked e v a p o r a t i o n f i e l d
created a n ew hab i ta t f o r w i l d l i f e on th e SDS s i t e — o n e
that d id no t p r e v i o u s l y e x i s t . S h o r e b i rd s and water f o w l
f l o c k to the e v a p o r a t i v e sys t em to f e e d on o r g a n i s m s
b r e e d i n g in the s h a l l o w water and we t mud. See A p p e n d i x
7 A , 7.1.2.

• C l a r k Lake on the S h e r i d a n tract and an oxbow
pond on the a d j a c e n t S t y e r s p r o p e r t y a p p e a r t o have
t h r i v i n g p o p u l a t i o n s o f aquat i c p l a n t s a n d a n i m a l s . F i s h ,
t u r t l e s , f r o g s and insec t s were seen in abundance . A
number of b ird s and mammal s f e e d on these organi sms .
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• F o r e s t trees a d j a c e n t to the d i s p o s a l pit and
e v a p o r a t i o n f i e l d a p p e a r to be in good h e a l t h . N e a r b y
pecans and southern red oaks are very large and are
p r o d u c i n g good crops of nuts and acorns. Large cedar e l m s
are e x t r e m e l y p r o d u c t i v e .

* No d e l e t e r i o u s e f f e c t s on w i l d l i f e can be
a t t r i b u t e d to o i l s or chemica l s s p r e a d i n g f r o m the
d i s p o s a l area. A seeming scarcity of small rodents and
t erre s tr ia l r e p t i l e s almost c e r t a i n l y stems f r o m a la ck of
s u i t a b l e ground cover due to heavy grazing of c a t t l e .

* The only immediate threat to animal l i f e f r o m
the d i s p o s a l pond is one of p h y s i c a l contact by water
f o w l . Birds l a n d i n g on the pond may be i n j u r e d or k i l l e d
b y c on tac t w i t h f l o a t i n g o i l .

• No f e d e r a l or s t a t e - l i s t e d endanger ed p l a n t or
animal s p e c i e s were d e t e c t e d on the s i te . One b i r d , the
ba ld e a g l e , c o u l d c onc e ivab ly wander through in w in t er ,
but no ev idence of n e s t i n g was f o u n d .

9.8 P u b l i c H e a l t h and Environmental Concern - E x c l u d i n g
g r o u n d w a t e r , of the p o t e n t i a l pa thways of exposure to hazardous
c on s t i t u en t s f r o m S D S — s u r f a c e water, a ir and direct
c o n t a c t — o n l y d irec t contact a p p e a r s to present a p o t e n t i a l
risk under current s i te condi t ions . T h i s w i l l be sub j e c t to
f u r t h e r evaluat ion in the Endangerment Asses sment.
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